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ABSTRACT 


The  results  of  an  analytic  and  experimental  investigation  to  identify 
and  determine  the  influence  of  effects  of  structural  heating  on  the  dynamic 
response  characteristics  of  randomly  excited  aerospace  structures  and  on 
the  combined  environment -acoustic  fatigue  properties  of  structural  com¬ 
ponents  are  presented.  Thermal  and  thermal -acoustic  tests  were  conducted 
on  2024-T81  aluminum  alloy,  Ti-6Al-4V  titanium  alloy  and  Rene'  41  nickel- 
base  alloy  panel  specimens.  Effects  of  the  temperature  increase  and  sound 
pressure  on  the  stress  response  and  oil  canning  of  the  panels  were  observed. 

A  semi -empirical  criterion  for  predicting  oil  canning  of  panels  in  thermal - 
acoustic  environments  was  developed.  Shaker  tests  were  conducted  on  2024-T81 
aluminum  alloy  specimens  to  determine  the  effect  of  the  different  sequences 
and  combinations  of  heating  and  shaker  excitation  on  the  fatigue  life  of  the 
specimens  when  oil  canning  is  a  factor.  Elevated  temperature  fatigue  tests 
under  steady-state  random  (shaker)  excitation  were  also  conducted  with 
Ti-6Al-4V  titanium  alloy  and  Rene*  41  nickel-base  alloy  specimens. 
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I .  INTRODUCTION 


There  has  been  a  definite  need  for  analysis  and  design  methods  for 
structures  in  thermal-acoustic  environments,  since  there  are  many  in¬ 
stances  of  simultaneous  applications  of  noise  and  heat  to  portions  of 
present  and  projected  high  performance  aircraft,  including  V/STOL  air¬ 
craft.  The  noise  sources  include  the  engine  air  intake  duct  turbulence, 
jet  engine  exhaust,  and  high-speed  flight  during  which  the  aircraft  skin 
is  acted  on  by  boundary  layer  noise  and  high  temperatures  induced  by 
aerodynamic  heating. 

The  program  reported  herein  was  conducted  to  determine  the  influence 
of  the  major  effects  of  structural  heating  on  the  dynamic  response  charac¬ 
teristics  of  randomly  excited  aerospace  structures  and  on  the  acoustic 
fatigue  properties  of  structural  components  in  the  combined  environment. 

As  a  part  of  the  investigation,  analytical  studies  and  experiments  were 
conducted  to  establish  qualitative  and  quantitative  information  on  the 
combined  environment  effects  due  to  different  combinations  of  acoustic 
and  thermal  loading  and  their  relative  importance  in  the  combined  envir¬ 
onment-acoustic  fatigue  problem.  A  description  of  the  analytical, 
design,  and  test  methods  that  were  used,  as  well  as  the  results  and 
conclusions  that  were  drawn  from  the  analytical  and  experimental  inves¬ 
tigation,  are  incorporated  into  this  report. 

A  major  goal  of  the  program  was  the  achievement  of  a  better  under¬ 
standing  of  acoustic  fatigue  in  thermal  environments.  This  is  of  signifi¬ 
cance,  since  there  have  been  only  a  few  reported  investigations  during  the 
last  several  years  (e.g.,  References  1,  2,  and  3)  that  supply  data  on 
structures  in  combined  acoustic- thermal  environments.  The  aforementioned 
investigations  were  limited  in  scope  and  did  not  result  in  design  charts 
for  general  usage  comparable  to  those  of  References  4  and  5  for  room 
temperature  and  intense  noise  environments.  In  fact,  the  few  reported 
investigations  were  (intentionally)  not  formulated  to  produce  a  thorough 
study  into  the  nature  and  influence  of  thermal  effects  on  dynamic  stress 
response  and  fatigue  in  acoustic  environments. 

The  program  was  organised  in  the  following  manner,  A  preliminary 
investigation  was  conducted  to  obtain  information  to  serve  as  a  guide  for 
the  finalization  '>f  the  program.  In  the  preliminary  investigation,  a 
study  was  made  to  determine  the  various  aircraft  structural  heating  con¬ 
ditions  and  to  identify  thermal  effects  as  they  influence  fatigue  life  in 
♦■he  combined  thermal  and  acoustic  environment.  Structures  were  considered 
which  are  heated  up  to  1200F  and  are  exposed  simultaneously  and/or  inter¬ 
mittently  to  a  high  intensity  acoustic  environment.  Also  in  the  prelimi¬ 
nary  investigation,  a  review  of  the  materials  for  elevated  temperature 
cnplir.ation3  was  conducted,  and  the  final  selection  of  materials  for  use 
in  the  experimental  program  was  made.  During  the  review  of  the  materials, 
a  literature  search  was  performed  to  obtain  basic  material  properties 
such  as  mechanical  and  thermal  properties. 

Following  the  preliminary  investigation,  a  combined  analytical  and 
experimental  investigation  was  conducted  to  determine  the  thermal  effects 
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on  dynamic  strops  response  and  fatigu-;:.  ltem:>  such  as  the.  spatial 
distribution  of  temperature,  thermal  buckling,  oil  canning,  thermal 
load  cycling,  and  acoustic  load  cycling  were  considered. 

The  objective  of  the  test  program  was  to  obtain  data  to  support 
and  check  the  analysis.  The  thermal-acoustic  test  program  was  con¬ 
ducted  to  obtain  experimental  data  on  oil  canning  and  the  dynamic 
strain  response  in  thermal-acoustic  environments.  The  thermal-shaker 
test  program  was  conducted  to  determine  the  effects  of  different 
sequences  and  simultaneous  applications  of  the  thermal  and  acoustic 
loads  on  oil  canning  and  fatigue  failures. 

The  overall  test  program  included  the  fabrication  and  test  of 
ten  panel  specimens  in  a  combined  acoustic-thermal  environment,  of 
thirty  beam-type  specimens  for  tests  in  a  combined  vibratory -thermal 
environment,  and  of  nineteen  coupons  for  static  tests  at  ambient  and 
elevated  temperature  to  qualify  the  test  materials  (and,  as  a  by¬ 
product,  generate  materials  data).  Materials  used  in  the  experimental 
program  were  the  2024-T81  aluminum  alloy,  the  Ti-6al-4V  titanium  alloy, 
and  the  Rene'  41  nickel-base  alloy, 

for  predicting  oil  canning  of  originally  flat  panels 
in  thermal -acoust ic  environments  was  developed  and  evaluated  against 
test  data  that  were  obtained  in  the  experimental  program.  The  experi¬ 
mental  strain  data  were  also  evaluated  as  a  function  of  sound  pressure 
level,  temperature,  and  other  pertinent  parameters. 


An  overview  of  structural  heating  conditions  and  their  effect  on 
structures  In  thermal -acoustic  environments  is  in  Section  II,  The 
investigation  of  thermal  effects  on  the  dynamic  stress  response  of 
acoustically  loaded  panels  and  the  newly  developed  criterion  for 
predicting  nil  canning  of  multi-bay  metallic  panels  are  reported  in 
Section  lit.  The  investigation  of  thermal  effects  on  fatigue  is  re¬ 
ported  in  Section  IV,  The  conclusions  from  the  entire  program  arc 
in  See t ion  V. 

TV  criteria  for  the  selection  of  materials  for  the  test  program, 
the  method  of  manufacturing  the  specimen*,  and  the  results  of  the 
material  {nullification  tests  are  in  Appendix  o.  Many  details  of  the 
thermal -acoustic  test  program  are  in  Appendix  d  and  of  the  thermal - 
*hakor  test  program  are  in  Appendix  C. 
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II.  GENERAL  CONSIDERATIONS 


II. 1  BACKGROUND 


Aircraft  structural  components  such  as  engine  air  intake  ducting  and 
rear  fuselage  and  empennage  structures  which  are  located  in  the  vicinity  of 
the  jet  engine  exhaust  have  experienced  combined  heating  and  random  dynamic 
excitation  which  result  from  the  acoustic  or  pseudoacoustic  noise  emitted  by 
the  jet  efflux.  In  addition,  in  the  VTOL  and  V/STOL  operational  modes  of 
projected  advanced  aircraft,  combined  thermal  and  acoustic  environments  can 
be  expected  in  areas  of  the  wing  and/or  fuselage  structure  —  the  locations 
and  magnitudes  being  highly  dependent  upon  vehicle/engine  configurations. 

The  combined  thermal— acoustic  environment  can  also  occur  in  different  oper¬ 
ational  modes  of  reentry  vehicles  such  as  the  space  shuttle. 

In  examining  the  test  data,  it  is  apparent  that  the  effects  of 
the  combined  environment  on  panel  life  may  be  more  severe  than  a  linear  super¬ 
position  of  the  effects  of  the  separate  environments.  In  the  lower  ranges  of 
structural  heating,  a  high  intensity  acoustic  environment  *s  the  predominant 
factor  in  contributing  to  structural  damage  and  fatigue.  At  higher  tempera¬ 
tures,  the  contributions  of  the  thermal  effects  may  prevail  and,  when  enhanced 
Dy  an  acoustic  load,  may  cause  early  structural  failure. 

A  comp'etely  rigorous  analytical  method  of  obtaining  the  combined  effects 
of  the  thermal  and  acoustic  loading  is  unavailable.  Therefore,  present  prac¬ 
tices  of  design  for  structural  components  to  withstand  the  combined  thermal- 
acoustic  loading  rely  heavily  on  component  testing  in  a  simulated  environment. 
From  such  tests  (which  are  more  in  the  nature  of  qualification  tests),  quanti¬ 
tative  data  on  the  contribution  of  the  various  thermal  effects  to  the  damage 
are  gert rally  not  available. 

A  particular  goal  of  this  program  was  to  obtain  a  better  quantitative 
measure  of  the  effects  in  the  combined  environments.  There  are  various  reasons, 
some  of  which  are  described  below,  why  the  thermal  effects  in  a  combined  envi¬ 
ronment  are  often  more  severe  than  the  thermal  effects  in  separate  environments. 
I'ne  various  reasons  include: 

.  Thermal  tensile  stresses  (usually  near  a  boundary)  fn  the  skin  due  to 
its  non-uniform  temperature,  heat  sinks  at  the  boundaries,  etc.,  act 
in  combination  with  vibratory  stresses  caused  by  acoustic  excitation. 
These  combined  stresses  can  lead  to  early  fatigue  failures. 

•  Tttermal  compressive  stresses  in  the  panel  interior  reduce  the  panel 
flexural  stiffness  which  permits  nn  increase  In  the  panel  deflection  and 
stresses  caused  by  acoustic  excitation  and  can  lead  to  an  early  fatigue 
failure  even  in  the  absence  of  thermal  buckling  and/or  dynat-ic  buckling. 
The  sare  factors  mentioned  above  that  cause  tensile  stresses  at  a  panel 
(or  bay)  boundary  viU  cause  compressive  stresses  in  the  panel  (or  bay) 
interior. 

.  The  reduction  in  Young's  modulus  and  material  strength  at  elevated 
temperature  reduces  the  panel  stiffness  and  strength  and  can  lead  to 
an  early  acoustic  failure  for  the  reasons  Just  mentioned  above. 


.  large  stress  reversals  Chat  occur  i. wring  the  oil  canning  of 
thermal ty  buckled  panels  in  sufficiently  high  intensity 
acoustic  environments  can  lead  to  early  fatigue  failures. 

11.2  STRUCTURAL  HEATING  CONDITIONS 

Thermal  and  acoustic  environments  that  are  applicable  to  existing 
and  expected  operating  conditions  of  aerospace  vehicles  (e.g.,  advanced 
high-speed  jet  aircraft,  V/STOL  aircraft,  and  the  space  shuttle  system) 
were  examined.  From  this  investigation,  the  combined  and  separate  ther¬ 
mal  and  dynamic  environments  ware  finalized  for  investigation  during 
the  remainder  of  the  program. 

In  general,  the  thermal  conditions  can  be  adequately  defined  for 
aerospace  structural  systems  given  the  vehicle  type  and  operating  regime. 
The  particular  structural  heating  conditions  that  may  exist,  on  flight 
vehicle  structures  are  highly  dependent  on  such  factors  as  the  detailed 
structural  arrangement,  the  type  of  vehicle,  its  mission  profile,  and 
the  means  of  propulsion.  Representative  environmental  temperatures  and 
son  ul  i  essure  levels  that  were  considered  are  in  Table  I.  The  r  viewed 
da  ..a  in  Table  1  did  not  include  quantitative  information  on  structurally 
non-uniform  temperature  distributions  in  the  combined  environments. 

Because  oi  l'cco -dimensional  temperature  gradients  that  occur  when  heat 
is  applied  to  tvpi< al  aircraft  structural  configurations,  such  as  skin 
supported  by  heav;  f tamcs,  a  spatially  non-uniform  temperature  in  the 
structure  i<  to  be  expected,  especially  prior  to  the  time  when  steady  - 
tutu  temperatures  reached. 

In  the  thermal -a  ousttc  test  program,  steady-state  temperature 
conditions  e:  u-teu  in  the  t-ct  conditions.  In  the  shaker  test  program, 
mid'  t . •  s t s  were  conducted  under  steady-state  temperature  conditions  and 
other  tests  wore  conducted  under  uniform  heating  conditions  that  produced 
temperature  increases  up  to  approximately  300F  per  minute  in  the  shaker 
test  specimens. 

Thermal  and  thermal -acoustic  service  environments  may  be  charac- 
',‘!nv.<d  by  id.  t  her  re  pin  temperature  variations ,  3iow  cyclic  rempi-rature 
variation? ,  or  steady-state  temperature  c ’Haitians.  The  qualitative 
fleet  of  t >i<- st-  uifAr'u  t  thermal  environments  «.»  stresses  and  fatigue 
life  are  reviewed  below. 

*  .  :  I ,  t .  ( a  h.  Hap  id  Temperature  v  libations 

Tn  the  absence  o*  an  acoustic  environment,  the  strass-timj  relation 
cl  a  thin  beam,  tlm  plate,  or  thin  panel  depends  on  whether  there  is 
rapid  luatM'.g  aud/»n*  cooling  durim*  t..e  temperature  cycle.  Wnen  there 
is  extremely  rapid  heating  (or  cooling) ,  vibratory  tb-rtsal  stresses 
(kctetcncwH  n  through  h)  develop  with  an  amplitude  of  the  same  order 
of  magnitude  As  the  steady  state  stress,  corresponding  to  tht*  stabilized 
i, mpbraiute.  Furthermore,  if  in  an  acoustic  environment  there  is  rapid 
heating  u>r  co  ding'/  tn  raising  (at-  towering)  the  panel  temperature  from 
one  temperature  to  another  temperature  and  permitting  the  panel  tempera¬ 
ture  to  stabilize  at  the  second  level  for  some  extended  time  period  before 
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returning  to  the  initial  temperature  and  subsequently  repeating  the 
temperature  cycle,  then  the  effect  of  the  stresses  from  the  combined 
thermal  and  acoustic  loading  may  produce  a  structural  fatigue  life 
different  than  the  fatigue  life  that  would  have  resulted  from  the 
acoustic  environment  alone  or  the  thermal  environment  alone, 

11. 2,  (b)  Temperature  Cycling  with  Large  Periods 

If  the  temperature  cycling  of  structures  is  not  rapid,  then  the 
vibratory  thermal  stresses  become  negligible.  In  the  case  of  slow 
heating  and  copling  of  thin  beams  in  the  absence  of  an  acoustic  envir¬ 
onment,  it  is  unlikely  that  sufficiently  high  thermal  stresses  can  be 
generated  to  produce  a  fatigue  failure  unless  there  are  considerable 
bending  deflections  because  of  buckling.  In  the  case  of  thin  plates 
that  are  slowly  heated  and  cooled  in  the  absence  of  an  acoustic  envir¬ 
onment,  sufficiently  high  stresses  (especially  at  the  corners  of  the 
plate  (e.g.,  see  Reference  d)  may  be  generated  through  the  plate  thick¬ 
ness  to  produce  a  fatigue  failure  because  of  the  cyclic  thermal  stresses. 

In  the  case  of  thin  plates  that  are  slowly  heated  and  cooled  in  the 
presence  of  an  acoustic  environment,  the  fluctuating  stresses  from  the 
acoustic  loading  are  higher  at  the  center  of  the  ends  of  the  plate  them 
at  the  corners  of  the  plates.  In  such  a  combined  thermal -acoustic 
environment,  the  fluctuating  stresses  from  the  acoustic  loading  may 
combine  with  the  cyclic  stresses  from  the  slow  temperature  cycling  to 
produce  a  fatigue  life  different  than  the  fatigue  life  that  would  have 
resulted  from  the  acoustic  loading  alone  or  the  slow  temperature  cycling 
alone. 

11.2(c)  Steady-State  Temperatures 

There  may  he  situations  when  an  elevated  temperature  is  reached  and 
maintained  for  long  periods  of  time  when  acoustic  excitation  exists.  At 
the  steady-state  elevateo  temperature,  the  fatigue  life  of  a  panel  in  an 
acoustic  environment  is  influenced  by  temperature  in  several  ways  --  for 
exompie,  (1)  by  oil  canning,  if  it  occurs,  (2)  by  stress  changes  as  a 
result  of  temperature -dependent  material  properties  and  (3)  by  an  aver.age 
in-plane  thermal  stress  that  is  induced  throughout  the  structure 
due  to  boundary  constraints. 

11.3  THERMAh-ACOUSTIC  EFFECTS 

Heating  of  structural  components  produces  a  variety  of  thermal  effects 
on  the  material,  the  acoustic  response,  and  the  acoustic  fatigue  life.  Tne 
principal  thermal -acoustic  effects  are  reviewed  below, 

11. 3.  (a)  Changes  in  Dynamic  Properties 

By  dynamic  properties  are  meant  those  material  properties  of  the 
structural  components  that  affect  the  structural  dy?uu*ic  response  charac¬ 
teristics.  Cor  this  program,  the  structural  dynamic  response  characteristics 
were  defined  as  natural  frequencies  and  associated  modal  shapes,  deflection 
and  strain  response  to  acoustic  excitation,  and  dynamic  buckling.  The 
dynamic  material  properties  are  the  material  modulus  of  elasticity,  internal 
damping,  and  thermal  coefficient  of  expansion;  and  a  discussion  of  there 
parameters  as  they  relate  to  this  program  follows* 


Heating  changes  the  material  modulus  of  elasticity  which  can  be 
characterized  quantitatively  by  Young's  modulus  and  the  shear  modulus 
of  many  metallic  materials.  (For  analytic  purposes,  most  metals  are 
considered  isotropic.)  For  many  materials,  modulus  of  elasticity  as 
a  function  of  temperature  is  in  the  literature  (e.g.,  M1L-HDBK-5). 

A  change  in  the  elasticity  will  produce  a  change  in  the  dynamic 
response  characteristics  of  the  structural  components  since  all  the 
dynamic  response  characteristics  are  a  function  of  Young's  modulus 
which  is  temperature  dependent. 

Heating  can  also  change  the  structural  damping.  If  the  heating 
changes  the  internal  damping  of  the  metals,  then  the  heating  is 
altering  a  dynamic  property  of  the  material.  Investigations  of  internal 
damping  as  a  function  of  temperature  and  response  frequency  have  been 
reported  (e.g..  References  10,  11  and  12).  In  practical  service 
applications,  material  choices  are  made  so  that  significant  metallur¬ 
gical  changes  will  not  occur  in  the  operating  environment.  Therefore, 
the  effect  of  heating  on  the  internal  damping  of  aircraft  panels  in 
service  was  not  considered  to  be  significant  in  this  program. 

The  damping  of  structural  components  is  also  influenced  by  the  damping  at 
the  boundary  which  can  be  a  function  of  temperature  of  the  component  and  the 
boundary  member(s).  In  practice,  it  is  difficult  to  measure  separately  the 
damping  at  the  boundary  and  the  internal  damping,  and  no  attempt  was  made  to 
measure  that  difference  in  this  program.  The  changes  in  overall  damping  are 
manifested  by  changes  in  the  deflection  and  stress  response  under  random  acou¬ 
stic  excitation.  When  the  structural  response  is  predominantly  unimodal,  the 
random  deflection  and  stress  responses  are  inversely  proportional  to  the  square 
root  of  the  viscous  damping  factor,  a  relationship  which  is  exact  for  the  re¬ 
sponse  of  one  degree  of  freedom  spring-dashpot-mass  system,  which  is  often  used 
to  simulate  the  small  deflection  response  of  panels  subjected  to  random  broad¬ 
band,  acoustic  excitation. 

Another  material  property  that  can  be  affected  by  temperature  and  thus  in¬ 
fluence  the  dynamic  response  is  the  thermal  coefficient  of  expansion.  The  ther¬ 
mal  coefficient  of  expansion  in  combination  with  the  boundary  conditions  and 
temperature  distribution  determines  the  thermal  stresses  which  may  play  a  sig¬ 
nificant  role  in  the  dynamic  response}  however,  the  thermal  coefficient  of 
expansion  is  not  particularly  sensitive  to  temperature  changes  -  particularly  for 
the  practical  useful  operational  temperature  ranges  for  many  structural  materials. 


U.&b)  Hod  i  fleet  ions  In  Dynamic  Chirac  ter  is  tics 

The  heat  distribution  ov«t  an  aerospace  structure  and  the  associated  tem¬ 
perature  gradients  can  significantly  modify  the  dynamic  characteristics  of 
structural  components.  Heating  generates  compressive  thermal  stresses  1c  (1) 
s  regions)  of  a  structural  panel  with  a  significantly  non-uniform  inplane  tem¬ 
perature  build-up  due  to  heat  sinks  on  ita  boundaries  or  due  to  non-uniform 
heating  and  (2)  an  entire  panel  with  essentially  uniform  temperature  but  with 
boundaries  that  prevent  thermal  expansion.  When  sufficiently  Verge,  these  com¬ 
pressive  thermal  stresses  can  produce  thermal  bending  end  buckling  in  the  ab¬ 
sence  of  an  acoustic  envlronmept.  Furthermore,  when  large  InpUne  compressive 
stresses  exist  which  ere  not  large  enough  to  produce  thermal  buckling,  these 
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compressive  thermal  stresses  can  significantly  reduce  the  component  apparent 
stiffness.  This  reduction  may  be  characterized  by  (1)  a  significant  reduction 
in  the  fundamental  frequency  of  a  panel  or  otherwise  give  rise  to  a  nonlinear 
behavior,  depending  on  the  thermal  distribution  and  dynamic  mode  shape,  and  (2) 
an  increase  in  the  maximum  out-of-plane  deflection  and  the  maximum  panel  bend¬ 
ing  stress  when  an  acoustic  pressure  loading  acts  normal  to  the  surface  of  a 
panel . 

When  the  power  spectral  density  o.  Ll.e-  excitation  does  not  contain  uniform 
spatial  and/or  frequency  content,  then  a  change  in  the  natural  frequency(ies) 
and  modal  shape(s)  of  the  responding  mode(s)  may  result  in  a  significant  modi¬ 
fication  of  the  dynamic  response  characteristics. 

A  temperature  gradient  through  the  thickness  of  a  stiffened  or  unstiffened 
panel  can  produce  a  curvature  which  stiffens  the  panel,  increases  its  fundamental 
ttequency,  and  tends  to  reduce  the  stress  response  to  acoustic  excitation  and 
therefore  tends  to  increase  the  acoustic  fatigue  life.  However,  an  increase 
in  curvature  because  of  heating  may  also  lead  to  oil  canning  (see  the  next  sub¬ 
section)  which  tends  to  increase  stresses  and  reduce  the  acoustic  fatigue  life. 

As  was  stated  in  the  previous  subsection,  heating  affects  the  dynamic 
properties  of  the  materials  which,  in  turn,  influence  the  dynamic  response. 

It  was  noted  in  Reference  1  that  the  effect  of  the  thermal  stresses  on  panel 
stiffness  was  much  more  important  than  the  effect  of  heating  on  Young's  modu¬ 
lus  (i.e„,  the  panel  elasticity)  in  producing  an  early  acoustic  fatigue  fail¬ 
ure  in  the  thermal  environment.  For  service  applications,  the  effects  of  the 
generated  thermal  stresses  may  always  be  more  important  on  the  acoustic  fatigue 
life  than  the  effects  of  the  changes  in  Young's  modulus  (just  as  was  the  case 
in  Reference  l)  because  the  change  in  Young's  modulus  from  ambient  temperature 
to  the  planned  operating  temperatures  is  usually  not  considered  drastic  for  the 
useful  operational  temperature  range  of  materials, 

11.3.(c)  Dynamic  Buckling  or  Oil  Canning 

A  temperature  gradient  through  the  thickness  of  a  stiffened  or  unstiffened 
panel  can  produce  bending  of  the  panel  into  a  curved  shape.  For  normal  heating 
rates  of  aircraft  panels  with  thin  skins  It  is  unlikely  that  a  significant  temper¬ 
ature  variation  exists  through  the  thickness  of  a  thin,  unstiffened  panel  or 
through  the  thickness  of  the  portion  of  the  thin  skin  of  stiffened  panels  that 
is  not  in  contact  with  or  close  to  the  stiffeners.  Data  in  the  test  program  verify 
this. 


Thermal  buckling  of  initially  flat  panels  is  also  manifested  by  curvature. 

A  curved  panel  is  susceptible  to  dynamic  buckling  or  oil  canning  which,  for  this 
program,  is  defined  as  the  phenomenon  when  a  curved  panel  hes  at  least  two  equi¬ 
librium  positions  and  under  acoustic  pressure  loading  intermittently  snaps  back 
and  forth  between  them,  as  well  as  vibrates  continuously  about  one  or  the  other 
of  them.  Random  acoustic  excitation  with  oil  canning  produces  higher  rms  stresses 
than  random  acoustic  excitation  without  oil  canning.  The  higher  rms  stresses  and 
the  large  stress  reversals  as  the  panels  snap  through  the  flat  position  in  moving 
towards  one  curved  equilibrium  position  from  the  other  promote  earlier  fatigue 
failures. 


In  Reference  13, the  oil  canning  of  an  initially  curved  bay  of  a  cross- 
stiffened  graphite-epoxy  tesc  panel  when  the  overall  sound  pressure  level 
reached  148  db  is  reported.  The  initial  curvature  itself  was  a  result  of  ther¬ 
mal  stresses  that  were  developed  from  the  cool  down  (during  the  manufacture  of 
the  panel)  to  room  temperature  from  the  250F  temperature  at  which  the  stiffeners 
were  bonded  to  skin.  There  was  a  significant  increase  in  measured  rms  strain  re¬ 
sponse  when  the  oil  canning  occurred. 


11.3.  (d)  Strength  Degradation 

Fatigue  strength  parameters  for  most  metallic  structural  materials  are 
affected  in  a  manner  similar  to  static  strength  parameters  in  a  thermal  environ¬ 
ment.  That  is,  their  effective  temperature  ranges  and  rate  of  strength  deteri¬ 
oration  at  higher  temperatures  are  much  the  same  (Reference  14),  in  addition, 
the  fatigue  limit  tends  to  decrease  with  increasing  temperatures  (Reference  15). 

On  the  positive  side,  most  materials  tend  to  be  less  notch  sensitive  at 
high  temperatures  (where  notch  sensitivity  is  measured  by  the  strength  reduc¬ 
tion  factor,  Kf).  One  exception  is  austenitic  steel,  which  has  shown  greater 
notch  sensitivity  up  to  1100F  to  1200F.  Also,  the  effect  of  surface  treatment 
is  less  important  at  high  temperatures. 

The  candidate  materials  that  were  considered  for  use  in  the  test  program 
were  aluminum  alloys,  titanium  alloys,  ferritic  stainless  steels,  austenitic 
stainless  steels,  and  nickel-base  alloys.  For  the  conventional  aircraft  struc¬ 
tural  alloys  of  the  five  aforementioned  materials,  the  fatigue  strength  at  any 
life  decreases  as  the  temperature  and  time  of  exposure  increases  above  certain 
limits.  The  magnitude  of  decrease  is  related  to  a  number  of  factors,  including 
the  material  type  and  the  structural  configuration.  The  nickel-base  alloys  are 
used  in  environments  with  the  highest  elevated  temperatures,  the  stainless  steels 
at  somewhat  lesser  elevated  temperatures,  followed  by  the  titanium  alloys  at 
somewhat  lower  maximum  elevated  temperatures,  and  the  aluminum  alloys  at  the 
lowest  elevated  temperatures. 

The  structural  configuration  affects  the  uniformity  of  the  temperature 
variation  in  a  structural  system  and  the  subsequent  dimensional  changes  during 
thermal  cycling.  These  effects  depend  on  the  type  of  structural  arrangements 
and  are  additive  to  any  working  stress  existing  in  a  particular  member.  Such 
induced  stresses  may  ultimately  determine  the  type  of  material  used. 

11. 3.  (e)  Thermal  Fatigue 

khen  all  local  arjas  of  a  structural  component  are  free  to  expand  and  the 
structural  component  Is  subjected  to  heating,  a  completely  unconstrained  thermal 
expansion  process  occurs.  Restraint  of  this  expansion  (for  example,  because  of 
immovable  boundary  conditions  or  because  of  heat  sinks  in  tones  near  the  bound¬ 
ary  that  result  in  a  temperature  gradient  along  the  structural  component)  intro¬ 
duces  thermal  stresses  into  the  component.  The  thermal  stress  depends  on  the 
temperature  as  well  as  the  distribution  of  the  material  area  and  the  material 
thermal  properties.  Repetitive  application  of  thermal  stresses  can  produce  a 
thermal  fatigue  which  is  a  structural  fatigue  condition  that  is  similar  to  low 
cycle,  high  stress  fatigue  induced  by  mechanical  loading.  Recent  thermal  fatigue 
studies  include  work  by  Spera  (Reference  l 6). 


Panels  with  low  bending  rigidities  undergo  sufficiently  large  out- 
of -plane  displacements  to  result  in  only  elastic  strains  in  many  situations. 
However,  if  the  thermal  stress  is  sufficiently  high,  a  ptastic  strain  will 
result  for  ductile  materials.  Subsequent  temperature  cycles  will  result  in 
a  hysteresis  loop  with  no  further  plastic  flow.  The  amount  of  strain  har¬ 
dening  or  softening  present  will  determine  the  ultimate  position  of  this 
loop.  Studies  have  indicated  that  in  comparing  high  temperature,  mechanical 
fatigue  tests  with  thermal  fatigue  at  equal  valuer  of  cyclic  plastic  strain, 
the  thermally  cycled  specimens  have  f.te  lowest  life  *  References  17  and  18), 

The  net  effect  may  be  a  modified  S-N  curve  in  the  low  cycle  rarge. 

The  high  cycle  acoustic  fatigue  is  often  characterized  by  a  zero  average 
stress  and  by  the  rms  stress  and  time  to  failure  for  different  spectral  contents 
tha-t  can  be  classified  as  either  narrow-band  or  broad-band.  The  low  cycle  ther¬ 
mal  fatigue  is  characterized  by  a  relatively  high  average  stress.  The  prediction 
of  fatigue  life  of  structural  components  in  such  combined  thermal-acoustic  en¬ 
vironments  depends  on  the  method  of  combining  the  effects  of  low  cycle  fatigue 
and  high  cycle  fatigue.  Methods  such  as  modified  Goodman  diagrams  for  constant 
life  situations  have  been  used  widely  when  discrete  frequency,  constant  amplitude 
stresses  are  superimposed  on  an  average  stress.  There  are  no  modified  Goodman 
diagrams  in  general  use  in  the  case  of  random  response  to  mechanical  excitation 
that  may  be  superimposed  on  a  slowly-varying  thermal  stress. 

II. 3. (f)  Other  Effects 

Other  effects,  such  as  creep,  were  not  considered  in  this  program. 
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111.  THERMAL  EFFECTS  ON  THE  DYNAMIC  STRESS  RESPONSE 


111.1  OVERVIEW 


An  Interrelated  analytical  and  experimental  proerim  was  formulated  and 
conducted  to  determine  the  principal  thermal  effects  on  the  dynamic  stress 
response.  The  results  were  evaluated,  and  procedures  for  the  testing,  analysis, 
and  design  of  acoustic  fatigue  resistant  structures  were  developed  and  are  reported 
he  rein. 

III.  2  SUMMARY  OF  TEST  PROGRAM 


Ten  test  specimens  (Table  II  and  III) were  fabricated  and  subjected  to 
thermal  and  thermal -acoustic  tests. 

In  Table  11,  the  first  two  characters  in  the  alphanumeric  designation  of 
a  test  specimen  refers  to  the  test  condition.  The  third  alphanumeric  character 
is  the  spectmen  number  for  that  test  condition.  For  example,  specimen  A-3-2 
is  the  second  test  specimen  for  test  condition  A-3. 


TABLE  II.  THERMAL-ACOUSTIC  TEST  SPECIMENS  AND  TEST  CONDITIONS 


Test  Specimen 
Designation 

Test 

C  ond 1 1 1 on 

Material 

Configuration 

Photograph 

A-l-l 

A-  1 

2024-T81 

Unstlffened  beam 

Figure  6 

A  - 1  -  2 

A-  l 

2024-TBl 

Unst  t  f  leiu-d  beam 

-  ’ 

A- 2- i 

A-2 

2024-T81 

Unstlffened  plate 

„  l 

A  -  2  •  2 

A-2 

2024-T81 

Unstl flawed  plate 

Figure  8-1 

A-3- 1 

A-3 

2024-T81 

3 -bay  Panel 

- 

A.J-2 

A-3 

2024 -rat 

3 -Bay  Panel 

Figure  B-2 

A-4-1 

A-4 

1T-6A1-4V 

3 -Bay  Panel 

Figure  B-3 

A-4-2 

A-4 

Tl -6AI-4V 

3  Bay  Panel 

- 

A-5-l 

A-S 

Rene*  41 

3 -Bay  Panel 

Figure:.  B-4 

A-S-2 

A*  5 

Ren** '  4 1 

3 -Bay  Panel 

and  8-3 

TABLE  III.  DESCRIPTION  OF  THERMAL -ACOUSTIC  TEST  SPECIMENS 


Quan¬ 

tity 

L. 

_ 

■  . 

Cnnf tgurwtion  (U 

Overall  Specimen 
Dimensions 

Unsupported 

Specimen 

Dimensions 

U  '  ' 

(Inch) 

(inch) 

2 

2 

2 

\ 

_ — 

2024-T81 
2024-T81 
2024. T81 

Tt • 5AI-4V 
Rctv*  41 

Unstlffened  Beam 
Unstlffened  Plate 
1-Bay  Panel 

3 -Bay  Panel 

3-Bay  Panel 

10. 0  x  1.0 

18.0  x  10.0 

18,0  *  18.0 

18,0  x  18.0 

18.0  x  18.0 

8.4  x  '  .0 

18.4  x  8.4 

16.4  X  16.4 

16.4  x  16.4 

16.4  x  16.4 

(I)  The  thickness  of  all  skins  and  stiffener  details  was  0.040  inch. 


The  two  unstiffened  2024-T81  aluminum  alloy  beams  were  fabricated  and 
tested  to  determine  the  thermal  effects  with  a  one -dimensional  varying 
temperature  dl stribution;  the  two  unstiffened  2024-T81  aluminum  alloy  plates 
were  fabricated  and  tested  to  determine  the  thtJ.ial  effects  with  a  two- 
dimensional  varying  temperature  distribution;  3nd  the  three-bay  panels  were 
fabricated  and  tested  to  determine  the  thermal  effects  with  a  three-dimensional 
varvlng  temperature  distribution.  Because  of  two  unsupported  free  edges  of 
the  unstiffened  beams,  in  combination  with  their  relatively  thin  skin  and  heat 
sinks  at  the  clamped  boundaries,  a  one-dimensional  varying  temperature 
distribution  was  expected  for  *hes<  specimens;  because  of  the  relatively  thin 
skin-,  and  the  heat  sinks  at  the  clamped  boundaries  of  the  unstiffened  plates, 
a  two-dimensional  varying  temperature  distribution  was  expected  for  these 
specimens;  and  because  oi  the  stiffeners  and  the  heat  sinks  at  the  clamped 
boundaries  of  the  stiffened  panels,  a  three-dimensional  varying  temperature 
was  expected  for  these  specimens.  (Tne  expected  temperature  distributions 
were  essentially  obtained  iri  all  of  the  tests.) 

Experimental  strain  data,  damping  data,  temperatures,  and  natural 
frequencies  were  sought  during  the  tests  of  the  acoustic  panels  for  use  in 
assessing  the  thermal  effects  on  strers  response.  The  data  were  carefully 
examined  to  determine  the  existence  of  thermal  buckling  and/or  dynamic 
buckling  and  their  onset  if  possible  (dynamic  buckling  was  not  expected  in 
the  absence  of  thermal  buckling). 


1 1 1.3  DESCRIPTION  OF  THERMAL -ACOUSTIC  TEST  SPECIMENS 

There  were  two  specimens  for  each  combinative  of  material  and  configura¬ 
tion  si-  that  two  identical  specimens  could  be  tested  at  each  condition.  A 
manu  fat  curt  ue;  drawing  of  the  three-bay  panels  is  in  figure  1.  R»vet  selec¬ 
tions  are  in  Tabte  TV.  The  bay  dimensii  s  were  considered  typical  for  various 
applications  and  the  repetition  of  some  of  the  dimensions  was  to  permit  the 
need  of  only  one  test  fixture. 


The  test  section  of  the  three-bay  panels  was  considered  to  consist  of 
the  central  bay,  the  stiffeners,  and  thg  adjacent  parts  of  the  other  bays. 

The  central  bay  was  designed  with  nominal  dimensions  of  16.0  x  8,0  inches 
(i.e. ,  with  an  aspect  ratio  of  2,  which  Is  typical  of  many  applications). 

This  type  of  three-bay  panel  was  used  before  (Reference  14)  in  amble  it 
temperature-a ' oustlc  tests  of  stiffened  panels  (Figure  2)  with  7078- 
skins  and  riveted  stiffeners.  With  the  panels  of  Figure  2,  acoustic 
fatigue  failures  occurred  in  the  skin  along  the  line  of  rivets  midway  be¬ 
tween  the  clamped  edges  at  5  hours  (for  one  panel)  and  5-1/2  hours  (for  an¬ 
other  panel)  of  broad  band  acoustic  excitation  at  160  db  overall  sound 
pressure  level. 

Hie  knowledge  that  the  configuration  of  Figure  2  led  to  fatigue  lives 
of  over  one  hour  at  160  db  SPL  was  a  factor  in  selecting  the  design  of  Figure 
l  for  this  program.  An  objective  of  this  thermal-acoustic  tett  program  was 
to  obtain  strain  response  data  before  a  fatigue  failure  occurred  during 
tests  of  short  duration  up  to  160  db.  The  objective  was  successfully 
achieved  since  no  acoustic  fatigue  failure*  occurred  during  the  teat  program. 
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FlC&ttg  t.  THREE  BAY  THEfiHAL-ACOUSTIC  TEST  PANELS 


STJNVd 


TABLE  IV.  RIVET  SELECTION 


Spec i men 
Description 

Skin 

Thickness 

S  tif fener 
Thickness 

Rivets 

(inch) 

(inch) 

3-Bay  2024-T81 
acoustic  panels 

.040 

!  . 

.040 

MS20470-AD5  (protruding  head) 

2024 -18 l  shaker 
specimens 

.063 

.063 

MS20426-AD5  (countersunk) 

3-Bay  Ti-6Al-4V 
acoustic  panels 

.040 

.040 

CSE  903B-5  (protruding  head) 

T i - 6A 1  - 4V  shake  r 
specimens 

.063 

.063 

CSR  902B-5  (countersunk) 

3 -Bay  Rene:  41 
acoustic  panels 
and  shaker 
specimens 

.040 

.040 

NAS1198-5  (protruding  head) 

Six  of  the  ten  acoustic- the ma I  test  specimens  were  three-bay  panels  and 
only  the  three-bay  panels  Included  all  the  test  materials.  This  reflected  the 
belief  that  results  from  three-bay  panels  te  -ts  will  more  closely  simulate  the 
test  results  of  cross-stiffened  panels  that  -re  often  used  in  practice.  Only 
2024-T81  aluminum  alloy  specimens  were  used  in  the  unstiffened  beam  and  plate 
tests  since  their  test  results  relative  to  the  three-bay  2024-T81  aluminum 
alloy  panel  test  results  were  executed  to  indicate  the  effect  of  one-dimensional 
and  two-dimensional  varying  temperatures  for  all  three  test  materials. 

111.4  GENERAL  TEST  PROCEDURE 

The  test  procedures  and  instrumentation  were  designed  to  produce  the  end 
product,  i.e.,  test  data,  in  an  efficient,  repeatable,  ond  reliable  manner. 

The  test  data  that  were  sought  for  the  beam,  plate  and  three-bay  panel  thermal  - 
acoustic  tests  are  outlined  below: 

•  Frequency  response  *•  natural  frequencies 

•  Mode  damping 

•  Strain  levels  as  a  function  of  acoustic  level  and  temperature 
distribution 

»  Temperature  distribution 

•  Acoustic  spectrum  levels  and  overall  levels 


The  following  discussion  outlines  the  test  procedure  that  was  the  basis 
for  the  tests  of  the  ten  thermal -acoustic  specimens. 

The  test  specimens  were  instrumented  with  a  set  of  high  temperature 
strain  gages  and  thermocouples.  Then  each  test  specimen  was  installed  in 
its  fixture,  which  provided  the  required  boundary  conditions.  The  specimens 
were  •‘hen  costed  at  the  ambient  temperature  to  determine  resonance  frequencies, 
mode  shapes  and  modal  damping  characteristics.  Low  level  discrete  frequency 
loudspeaker  excitation  was  used  for  this  determination. 

Next  t he  test  specimen  was  mounted  in  the  progressive  wave  acoustic 
test  chamber  opposite  the  radiant  heating  module.  The  initial  thermal  tests 
were  at  ambient  sound  pressure  level.  The  thermal -acoustic  tests  were  then 
conducted  and  strain  data  and  temperature  distributions  were  taken  at  a  set 
of  steady  state  temperatures  at  two  sound  pressure  levels  (Table  V).  The 
reference  temperature  (Table  V)  was  defined  as  the  temperature  at  the  center 
of  the  specimen.  Many  details  relating  to  the  instrumentation,  the  test 
procedures,  and  the  test  results  are  in  Appendix  B. 

Considerable  strain  data  were  obtained  during  the  test  program,  and 
the  data  supported  the  hypothesis  that  the  presence  and  degree  of  thermal 

buckling  of  panels  in  acoustic  environments  may  greatly  affect  the  stress 

history,  oil  canning  t if  any),  and  the  acoustic  fatigue  life  of  the  panels. 

The  following  trends  were  noted  in  the  rms  strains  that  were  obtained 

in  the.  thermal -acoustic  panel  tests.  (The  strains  were  obtained  as  a 
function  of  steady-state  temperature  while  maintaining  the  sound  pressure 
level.)  As  the  steady-state  temperature  of  the  panels  was  raised  from 
room  temperature,  the  measured  rms  strains  increased  with  increasing  steady- 
state  temperature  prior  to  the  detection  of  oil  canning.  As  the  steady-state 
temperature  was  further  increased,  the  nos  strains  peaked  out  in  the  tempera¬ 
ture  range  in  which  oil  canning  was  detected.  When  the  steady-state  tempera¬ 
ture  was  above  the  temperature  range  for  which  oil  canning  occurred,  the 
mease l ;-d  rms  strains  had  decreased  substantially  from  the  peak  rms  strains 
detected  during  oil  canning.  The  rationale  for  the  substantial  decline  in 
rms  strain  at  temperatures  above  the  oil  canning  temperature  range  is  that 
the  amplitude  of  thermal  buckling  had  become  so  great  that  a  dynamically 
stable  curved  configuration  had  been  achieved  and  prevented  further  oil 
fanning.  Large  thermal  buckling  had  thus  stiffened  the  panel  and,  in  affect, 
caused  a  reduction  in  the  dynamic  response  of  the  panel.  (Per  details  of 
the  relation  of  temperature,  strain,  and  M  canning  of  panel  A- 3-1,  see 
subsection  l!l.S.) 

The  relationship  of  rsws  strain  to  steady-state  temperature  that  has 
just  .i^n  described  is  shown  in  figure  5.  Prom  this  ms  strain -temperature 
relation,  one  may  estimate  the  relation  between  the  panel  acoustic  fatigue 
lit«;  and  the  temperature  (Figure  &).  As  the  temperature  is  increased  during 
the  pre-ni l -canning  temperature  range,  the  acoustic  fatigue  life  is  expected 
to  decrease,  principally  because  of  the  increasing  rms  strains.  At  tempera¬ 
tures  for  which  oil  canning  is  significant,  the  acoustic  fatigue  life  is  ex¬ 
pected  to  decrease  substantially  because  of  the  large  stress  reversals  during 
the  Intermittent  snapping  through  the  original  position.  Above  the  oil  tanning 
temperature  range,  initially  the  acoustic  fatigue  life  is  expected  to  in¬ 
crease  substantially  because  of  the  substantial  decrease  in  rms  strain.  How¬ 
ever  if  vbc  steady-state  temperature  is  significantly  raised  in  the  post  oil 
canning  range,  then  the  material  strength  degradation  may  become  the  eontiol* 
ling  factor  and  may  cause  a  reduction  In  panel  acoustic  fatigue  life.  In  the 


1-2  pre-oil-canning 
2  -3  oil  canning 
3-4  post  oil  canning 
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FIGURE  3.  EFFECT  OF  TEMPERATURE  AND  SPL 
ON  DYNAMIC  STRAIN  RESPONSE 
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FIGURE  4.  PREDICTED  EFFECT  OF  TEMPERATURE  AND 
SPL.  ON  ACOUSTIC  FATIGUE  LIFE 
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thermal-acoustic  test  program,  panels  were  not  tested  to  an  acoustic  fatigue 
failure  to  verify  the  predictions  of  acoustic  fatigue  life  that  are  shown  in 
Figure  4. 

I U. 5  TEST  FACILITY 


A  schematic  of  the  tlienual -acoustic  test  facility  is  shown  in  Figure  5.  A 
general  view  of  the  acoustic  test  facility  is  shown  in  Figure  6.  The  specimen 
module  (in  Figure  6)  was  rotated  90  degrees  and  lowered  from  its  position 
during  elevated  temperature  tests  co  show  the  heating  module  lamp-bank  assem¬ 
bly.  The  assembly  contains  32  3000  watt  quartz  lamps  (at  rated  voltage)  for 
tests  to  600F  and  45  of  these  lamps  for  tests  to  1000F  and  is  protected  to 
some  degree  from  the  high  acoustic  environment  by  a  3/8  inch  thick  fused  silica 
window.  The  assembly  requires  cooling  air  and  water  and  exhaust  ducting  to 
minimize  the  temperature  within  the  heating  module.  The  quartz  lamp  assemblies 
are  driven  by  a  376  kw  ignitron  power  controller  manufactured  by  Research  Inc. 

The  heating  module  and  specimen  module  were  attached  to  a  stainless  steel 
frame  and  duct  to  form  a  progressive  wave  test  section  8  inches  wide  by  24  inches 
high.  This  section  was  terminated  in  a  test  cell  by  a  flared  horn  and  absorptive 
material  to  minimize  reflections  of  the  acoustic  energy. 

The  specimen  module  was  designed  to  provide  thermal  isolation  between  the 
specimen  and  its  mounting  edges  as  well  as  isolation  of  the  module  from  the 
radiant  heat  source.  The  specimen  was  clamped  between  layers  of  sheet  transite 
and  asbestos  5/16  inch  thick.  Additionally  the  front  face  of  the  module  was 
covered  with  sheet  asbestos  and  stainless  steel  to  minimize  conductive  heat 
loss.  To  minimize  radiation  heat  Iors  from  the  back  side  of  the  specimen,  gold 
plated  stainless  steel  reflectors  were  installed  on  the  back  cover  of  the  module. 

III. 6  ANALYSIS  -  LINEAR  THEORY 


The  analytical  effort  to  determine  the  thermal  effects  on  dynamic  stress 
response  was  divided  into  two  tasks.  In  the  first  task,  linear  dynamic  response 
theory  was  used.  In  the  second  task,  nonlinear  dynamic  response  theory  was 
used . 


The  attempt,  to  use  linear  dynamic  response  theory  was  aborted  when  it 
became  apparent  that  nonlinear  theory  offered  the  most  potential  for  obtaining 
general  results  that  would  be  the  most  useful  to  designers.  However,  the  linear 
analytical  work  produced  useful  results,  which  are  reviewed  below. 

Sample  computer  runs  were  made  with  the  STARDYNE-DYNRE3  computer  program 
to  obtain  analytical  predictions  (based  on  linear  theory)  of  the  natural 
frequencies,  stress,  and  deflection  of  unstiffened  and  stiffened  plates  subjected 
“o  white  noise  acoustic  excitation.  The  results  from  STARDYNE-DYNRE3  were 
compared  with  the  analytical  results  obtained  with  the  REDYN  computer  program 
that  were  reported  in  Reference  11.  Close  agreement  was  obtained  between  the 
results  from  STARDYNE-DYNRE3  and  REDYN.  The  close  agreement  produces  confidence 
in  the  results  that  may  be  obtained  from  either  of  those  two  computer  programs 
when  linear  theory  is  applicable.  The  STARDYNE  computer  program  is  available  only 
at  Control  Data  Corporation  Cybernet  centers,  whereas  REDYN  is  a  Northrop  pro¬ 
prietary  computer  program. 
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III. 7  PREDICTING  OIL  CANNING  OF  PANELS  IN  THERMAL-ACOUSTIC  ENVIRONMENTS 


A  semi-analytical  (or  alternately,  semi-empirical)  method  of  predicting 
oil  canning  was  developed  and  is  reported  on  in  this  subsection.  A  completely 
rigorous  theoretical  investigation  was  not  undertaken  because  of  the  analytical 
complexities  and  the  uncertainty  associated  with  the  reliability  and  applicabi¬ 
lity  of  the  results  from  such  an  investigation.  In  fact,  very  little  theoreti¬ 
cal  work  has  been  published  on  the  effect  of  temperature  on  the  dynamic  charac¬ 
teristics  of  plates  since  Shulman's  work  in  1958  (Reference  20), 

III. 7. (a)  Assumptions 

The  analytical  study  of  oil  canning  was  based  on  an  investigation  of  (1) 
the  nonlinear  dynamic  response  of  uniformly  thin,  isotropic,  homogenous  plates 
that  are  simply  supported  on  all  four  edges  and  are  subjected  to  random  acoustic 
excitation  and  (2)  the  deflection  at  the  center  of  the  aforementioned  simply 
supported  plate  because  of  thermal  buckling. 

The  rationale  for  extending  the  results  of  the  aforementioned  dynamic 
analysis  of  simply  supported  plates  to  the  dynamic  analysis  of  multi-bay,  thin- 
skinned  panels  is  that  in  many  situations,  the  predominant  mode  and  response 
of  multi-bay  panels  to  acoustic  excitation  is  characterized  by  adjacent  bays 
being  out-of -phase  and  separated  by  stiffeners  that  have  little  translational 
motion.  Therefore,  the  individual  bays  can  be  expected  to  behave  in  many 
respects  as  though  they  are  simply  supported  on  all  fotir  edges.  Consequently, 
insofar  as  the  predictions  of  oil  canning  of  a  thin-skinned  multi-bay  panel  is 
concerned,  each  bay  is  considered  to  be  a  simply  supported  plate  with  the  same 
geometry  as  the  nominal  dimensions  of  the  bay. 

The  accuracy  of  the  predictions  of  oil  canning  that  will  be  obtained  with  this 
method  depend  on  several  factors,  such  as  the  geometry  of  the  stiffeners,  and  the 
degree  of  the  geometrical  likeness  of  adlacent  bays.  It  is  believed  that  the 
prediction  of  oil  canning  will  be  considerably  more  accurate  than  the  intermediate 
predictions.  (Predictions  of  resonant  frequencies  and  deflections  are  inter¬ 
mediate  steps  in  the  process  of  predicting  oil  canning). 

The  prediction  of  oil  canning  is  part  of  a  three  step  process  and  is  based 
on  the  assumptions  that  (l)  the  response  of  the  fundamental  mode  of  the  plate  pre¬ 
dominates  (as  was  demonstrated  with  linear  analysis  for  many  situations  in  Reference 
21)  and  (2)  the  plate  is  not  allowed  to  expand  as  its  temperature  is  increased. 

The  analysis  for  predicting  the  unimodal  dynamic  response  (Reference  22)  at 
ambient  temperature  is  based  on  nonlinear  differential  equations  that  account 
for  the  Interaction  of  membrane  and  bending  strains.  A  sample  problem  is  worked 
out  at  the  end  of  this  subsection  to  demonstrate  the  method  of  predicting  the 
rms  deflection  (w)  at  the  plate  center,  the  fundamental  frequency  (f)  which 
depends  on  that  deflection,  the  amplitude  (AQ)  of  the  thermal  buckle,  and  the 
presence  (or  absence)  of  oil  canning. 


III.7.(b)  Development  of  Equations 


The  appropriate  equations  for  obtaining  w  and  f  are  given  below  and  can 
be  solved  iteratively  with  slide  rule  calculations. 


^  l<>4 

II 

(■)’ 

(1) 

and 

-  4 

r  (nn\h 

K  ) 

(2) 

where 

'■{ 

*(  '  ,  i  \  ,  EhTT4  /  t  i  \  _ a] 

*n\a*  +  b*)  4  1  T4  +  b3 )  w  | 

(3) 

and 

M  =  Ph 

\  /  J 

(4) 

The  symbols  are  defined  on  page  xi.  The  calculation  of  w  is  the  first 
step  of  the  three-step  process  for  predicting  oil  canning. 

In  the  second  step  of  the  three  step  process,  hand  calculations  based  on 
geometrical  considerations  are  performed  to  determine  Aq,  the  deflection 

amplitude  of  the  thermally  buckled  plate.  The  plate  is  assumed  to  be  at  a  uniform 
temperature  T  and  to  have  a  buckled  configuration  given  by 

W  “  A  sin  &  sin  ^  (5) 

w  o  a  b 

The  amplitude  is  assumed  small  relative  to  the  plate  width  and  is  calculated 
from  shallow  strip  theory  as 

Ao  »  0.707b  (a AT  )**  (6) 

with  01  being  the  thermal  coefficient  of  expansion  and  4T  being  the  temperature 
rise  from  ambient  temperature  to  the  plate  temperature,  T. 

In  the  third  step  of  the  three- step  process,  the  ratios  jo  and  w  are 

w  h 

computed.  Test  data  that  have  been  obtained  and  reported  in  Figure  7,  indicate 
that  oil  canning  can  be  expected  if 


A  <  A°  <  B,  >  C 

w 

wuere 

A  ft  1.5 
B  ss  6.0 
C  »  0.3 


23 


Predictions  of 


jn  of  Predictions  of  Oil  Canning  with  Experimental  Data 


and  w  for  the  >bay  panels  tested  in  this  program 
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Appendix  B)  at  139  db  and  160  db  at  temperatures  for  which  inspections  were  taken 
are  displayed  in  Figure  7,  Whether  or  not  oil  canning  was  detected  in  the  test 
(e.g.,  160  db  at  200F)  is  also  displayed  in  Figure  7.  The  values  of  A;=1.5, 
B~6.0,  and  C^:0.3  are  consistent  with  the  data  displayed  in  Figure  7.  More 
test  data  are  needed  to  permit  more  confidence  to  be  placed  in  the  numerical 
values  of  A,B,  and  C. 

Heuristically,  a  case  can  be  developed  for  choosing  A  =  1.5.,  B  =  6.0,  and 
C  =  0.3.  For  example,  A<1.5  implies  that  there  is  no  stable  curved  configuration 
in  the  thermal-acoustic  environment,  because  instantaneous  dynamic  deflections  occur 
repeatedly  whose  amplitudes  are  greater  than  that  corresponding  to  thermal  buckling. 

B>6,0  implies  that  the  dynamic  deflection  during  the  acoustic  response 
will  be  less  than  the  thermal  buckle.  Consequently,  the  peaks  of  the  acoustic 
excitation  and  acoustic  response  will  not  cause  the  panel  curvature  to  change  from 
concave  to  convex  or  vice  versa.  In  a  sense,  Bis  a  measure  of  the  instantaneous 
strain  peak  to  the  rms  strain.  The  probability  of  B  exceeding  6.0  is  small  for 
distributions  such  as  the  Kayleigh  distribution  which  may  be  expected  under  con¬ 
ditions  of  unimodal,  linear  response  to  Gaussian  excitation. 


When  C<0.3,  the  dynamic  deflection  is  usually  less  than  the  panel 
thickness.  Oil  canning  was  not  detected  in  the  tests  corresponding  to  situations 
when  C<  0.  3  was  predicted.  F.ven  If  oil  canning  were  to  occur  with  C<0.3,  in 
most  practical  situations  the  stress  may  be  low  enough  to  prevent  an  acoustic 
fatigue  failure  from  occurring.  ^ 


On  the  basis  of  the  discussion  under  subsection  IIX.7,(c)  and  until  further 
test  data  or  analyses  are  available,  it  is  recommended  that  the  criterion  for  oil 

canning  be  ,  \  -  ... 

1.5’S-rS  6,  ~  >0.3  (7) 

V? 


The  method  of  predicting  the  presence  or  absence  of  oil  canning  will  be 
demonstrated  with  this  sample  problem.  Consider  ah  aluminum  alloy  plate  that 
was  heated  from  80p  to  IO0F  and  the  edges  were  not  p  .emitted  to  translate. 

3he  plate  is  simply  supported  on  ail  four  edges,  with  the  following  geometrical 
and  physical  properties  at  1Q0F. 
a  0  16,0  inch  (length) 
b  «  8,0  inch  (width) 
h  "  0,04  inch  (thickness) 

>  “  0.10  lh/in5 (weight  density) 

£  0  0.03  (viscous  damping  factor) 

a*  12.7  x  10"*  in/ln/F  (thermal  coefficient  of  expansion) 


Three -Bay  Panels  j 

Material 

SPI, 

139  db 

160  db 

2024-T81 

A 

V 

T1-6A1-4V 

0 

< 

Rene*  41 

0 

□ 

When  a  symbol  is  filled  in, such  as  A  in  contrast  with  A  ,  oil  canning 
was  observed  at  that  test  condition. 

The  oil  canning  criterion  is  that  oil  canning  will  not  occur  above  the 
upper  solid  line,  below  the  lower  solid  line,  and  to  the  left  of  the  vertical 
solid  line  of  Figure  7. 


Predicted  Non-Dimensional  Rms  Deflection,  ^ 


FIGURE  7.  CORRELATION  OF  TEST  DATA  WITH  THE 
PROPOSED  CRITERION  FOR  OIL  CANNING 
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E  *  10.5  x  104  psi  (Young's  modulus) 
V  *  0.33  (Poisson's  ratio) 


2/, 


The  PSD  of  the  acoustic  loading  is  taken  as  S  =  3.0  x  10”4  psi  Hz,  which 
was  the "average"  PSD  in  the  frequency  range  of  the  predominant  response  near 
ambient  temperature  in  the  139  db  SPL  tests.  The  binding  rigidity  D  =  Eh3/ [l2(l-J/,)]= 
62.84  lb  in. 

In  the  calculations  that  follow,  the  subscripts  to  w  and  f  indicate 
the  iteration  number  in  the  calculations  for  w  and  f  from  Equations  (1)  and  (2). 

First  Iteration 

Assume  w, =  j  =  0.020  in-rr  (w,  is  one-half  the  plate  thickness> 

From  Equation  (3),  calculate  K]  =  3.31  lb/in3. 

From  Equation  (4),  calculate  M  =  10.36  x  10  6  lb  secVin3.  (  M  is  constant 
throughout  the  iterative  process). 

From  Equation  (1),  calculate  f,  =  90  Hz  . 

From  Equation  (2),  calculate  w,  =  .017  in-rms* 

The  calculated  w,  is  lower  than  the  assumed  wt. 

Second  Iteration 

Since  the  assumed  w,was  too  high,  assume  =  0.018  in-rms 
From  Equation  (3)  calculate  Kj  =■  3.12  lb/in5. 

From  Equation  (l),  calculate  *  87,4  Hz. 

From  Equation  (2),  calculate  w,  «  .018  in-rms. 

Therefore,  the  calculated  equals  the  assumed  Wj  and  no  more  iterations 
are  required. 

With  a  temperature  rise  of  *  20P  from  the  ambient  temperature  to 
the  test  temperature,  Ao  »  0,089  inch  from  Equation  (6). 

Prediction  of  Oil  Canning 

In  order  to  apply  the  criterion  listed  in  Equations  7,  the  following 
items  are  calculated 


°  89  ,  « 

T  “  "Iff-  *  4,9 


and 


w  *  U 
h  40 


0.45 
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An  examination  of  ip-  and  r  in  view  of  the  criterion  for  oil  canning  from 
Equation  (7)  results  in  the  prediction  that  oil  canning  will  occur  at 
100F  and  139  db  for  the  test  panels  A- 3-1  and  A- 3-2.  Those  panels  did  oil  can, 
as  predicted,  at  100F  and  139  db. 


111.7. (f)  Other  Calculations  for  Figure  7 

Numerical  values  that  were  used  in  the  calculations  for  Figure  7  are  given 
in  this  subsection. 


In  all  the  calculations,  the  following  geometrical  properties  were  used: 

a  =  16.0  inch 
b  =  8.0  inch 
h  =  0.04  inch 

For  all  the  calculations,  the  PSD  of  the  acoustic  pressure  was  3.0  x  id** 
psi 2/Hz  at  139  db  and  2.0  x  10“4  psi  2/Hz  at  160  db;  and  the  viscous  aampinR 
factor  was  0.03  for  the  2024-T81  plates  and  0.015  for  the  T1-6AI-4V  and  Rene'  41 
plates.  The  difference  in  viscous  damping  factors  reflected  differences  in 
clamping  rather  than  inherent  differences  among  the  different  alloyed  test 
specimens  themselves. 

The  lb/in3  densities  were  0.10  for  the  2024-T81  plates,  0.16  for  the 
T1-6AI-4V  plates,  and  0.30  for  the  Rene*  41  plates.  Ambient  temperature  was 
80F  for  all  calculations  except  85F  for  the  TI-6A1-4V  specimens. 


The  values  of  Young's  modulus  and  the  coefficient  of  thermal  expansion  are 
In  Table  VI.. 


TAB] 

LE  VI.  PHYSICAL  PROPERTIES 

Materia* 

Temperature 

Young's  Modulus 

Coefficient  of  thermal 
expansion 

(?) 

(Psi) 

(ln/in/n  ~ 

2024-T81 

100 

10,5  x  10* 

12.7  x  10~* 

2024-T81 

200 

10.3  x  10* 

12.9  x  1Q~* 

2024-T81 

300 

10.0  x  10* 

13.1  x  10" 

TI-6AI-4V 

105 

15.8  x  10* 

5.3  x  to”* 

TI-6AI-4V 

205 

15.4  x  10* 

5.8  x  to"* 

TI-6A1-4V 

400 

14.0  x  10* 

5.8  x  IC~* 

TI-6AI-4V 

600 

13.0  x  t0* 

5.8  x  t<r* 

Rene'  41 

300 

30.0  x  10* 

6.8  x  10‘* 

Rene '  41 

600 

28.6  x  10* 

7.0  x  !0‘* 

HUS  EFFECT  OF  OIL  CANNING  ON  STRAIN  FOR  PANEL  A- 3-1 


A  detailed  examination  of  the  effect  of  temperature  on  the  strain 
history  and  the  strain  spectral  density  at  the  panel  center  was  performed 
during  the  thermal-acoustic  test  of  panel  A- 3-1  under  broad  band  excitation 
at  sound  pressure  levels  of  130  db  and  160  db  and  at  79F  (i.e.,  room  tem¬ 
perature),  100F,  200F,  and  300F. 

The  strain  spectral  densities  at  the  panel  center  at  room  temperature, 
loop,  2 OOF,  and  300F  are  in  Figures  8  for  the  130  db  run  and  are  in  Figures 
0  for  the  l 60  db  run.  The  spectral  density  of  the  broad  band  acoustic 
pressure  at  ambient  temperature  is  in  Figure  10  for  the  139  db  and  160  db 
runs. 


During  the  139  db  run,  oil  canning  was  detected  only  at  the  IQOP  obser¬ 
vation  of  strains.  The  oil  canning  was  deter  ted  by  (1)  monitoring  the 
strain  signal  on  an  csciilo>cope  and  observing  that  the  strain  fluctuated 
successively  about  each  of  two  distinct  (average)  strains,  (2)  noting 
the  significantly  higher  percentage  of  strain  spectral  density  below  50  Hz 
during  the  100F  run,  and  (3)  noting  the  sharp  decrease  in  ms  strain  as  the 
ter: ;  erntnre  was  Increased  above  l OOF,  (The  measured  ms  strains  at  various 
pan. l  locations  l»3d  in  general  Increased  as  the  panel  temperature  was  raised 
from  room  temperature  to  1<K)F. ) 

As  the  temperature  was  increased  from  l OOP  to  300F  during  the  13'  db 
run,  the  increasing  thermal  stresses  produced  a  sufficiently  curved  (and 
hence  stiffened)  structure  to  eliminate  the  oil  canning  at  139  db.  Addi¬ 
tional  evidence  of  the  significant  thermal  bending  at  2t)0F  and  30Op  was 
the  significant  increase  (as  *  function  of  temperature)  in  the  measured 
average  tensile,  and  average  compressive  strain*  at  various  panel  locations. 

Outing  the  InO  db  run,  oil  canning  was  detected  only  during  strain 
observation*  at  20GF  and  J00F.  The  increasing  amount  of  strain  with  low 
frequer. 'v  content  as  the  temperature  increases  is  evident  in  Figure  *>,  jn 
particular  at  UK??  which  was  the  temperature  at  which  the  oil  canning  was 
the  most  swore,  the  response  in  a  bandwidth  of  a  few  Hs  centered  at 
approximate l *•  10  Ha  was  the  bandwidth  ef  the  predominate  response  (figure 
*>). 

In  sea****? y,  the  major  difference  in  the  response  characteristic*  ef 
panel  A- 3-1  at  IS1*  db  and  at  IfeO  db,  was  that  at  l db  the  panel  assumed 
a  stable,  stiffened  configuration  between  18QF  and  200?  and  further  In 
crease*  of  temperature  r*#*;ited  in  the  disappearance  of  oil  canning  and 
a  reduction  of  ms  dynamic  strains  frofe  their  peafc  level  during  oil  can¬ 
ning.  However,  at  IK?  db,  once  oil  canning  was  observed  during  the  20QF 
run,  further  increases  in  tesperaturc  did  not  produce  a  stable  curved  con¬ 
figuration  which  would  have  been  deduced  by  a  reduction  of  r»*  strains  from 
their  pe^h  level  in  the  run,  tn  fact,  the  ms  dytmaic  strains  and  the 
average  tensile  ond  compressive  strains  at  various  panel  locations  were  in 
general  suoch  higher  with  oil  canning  at  j§0f  than  with  oil  canning  at  2iNJf. 


2h 
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Hz  Analyzer  Bandwidth 


Strain  Spectral  Density  of  Panel  A- 3-1  at  139  DB  SPL 
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St“jin  Spectral  Density  of  Panel  A-3-1  at  160  DB  SPL 


IV.  THERMAL  EFFECTS  ON  FATIGUE 


TV.l  objectives. 

The  primary  objectives  of  the  thermal-shaker  test  program  were  to  determine 
the  effects  of  thermal  cycling  superimposed  on  acoustic  loading,  the  effects 
of  alternate  applications  of  thermal  stressing  and  acoustic  loading,  and  the 
effects  of  the  simultaneous  application  succeeded  by  an  alternate  application  of 
the  acoustic  and  thermal  loading.  Another  objective  of  the  thermal- shaker 
test  program  was  to  obtain  fatigue  data  that  were  influenced  by  effects  of  heating. 
(In  implementing  the  plan  to  obtain  the  objectives,  the  acoustic  loading  was 
simulated  by  shaker  excitation). 

IV. 2  TEST  FACILITY  AND  TEST  SETUP 

The  thermal -acoustic  test  facility  (Figure  5)  was  the  test  facility  used 
in  the  thermal-shaker  test  program.  A  schematic  of  the  test  installation  for 
shaker  excitation  is  shown  in  Figure  11}  a  photograph  of  the  shaker  test  set-up 
is  shown  in  Figure  12;  a  front  view  of  a  shaker  test  specimen  that  was  installed 
for  tests  is  shown  in  Figure  13;  and  a  view  of  the  specimen,  specimen  clamps, 
and  shaker  rod  prior  to  the  assembly  for  testing  is  showm  in  Figure  14.  In 
Figures  15  and  16  are  shown  a  front  and  back  view  of  a  sample  fatigue  specimen 
that  had  been  used  in  establishing  the  final  test  configuration  and  boundary 
conditions  for  the  shaker  test  program. 

There  were  some  preliminary  shaker-fatigue  tests  to  finalize  the  specimen 
design.  In  the  preliminary  tests,  the  axial  restraint  was  sought  with  a  friction 
clamp  (without  the  dowel  pins  near  the  ends  of  the  specimens).  However,  the 
fric  tion  was  not  sufficient  to  prevent  the  specimen  from  slipping  in  the  edge, 
clamps  at  elevated  temperatures  and  high  levels  of  shaker  excitation.  In  turn, 
the  slipping  prevented  the  oil  canning  which  was  being  investigated  in  the 
fatigue  tests.  Therefore,  it  was  necessary  to  install  the  dowel  pins  to  attach 
the  specimens  to  the  test  fixture  to  achieve  the  test  objectives.  Figures  15  and 
16  are  photographs  of  the  last  sample  specimen  that  was  tested  to  finalize  the  con¬ 
figuration  and  boundary  conditions  for  the  shaker  tests. 


IV. 3  TEST  CONDITIONS  AND  SPECIMEN  DESCRIPTION 


The  specimens  are  identified  by  three  hyphenated  alpha-numeric  characters. 
The  first  two  characters  denoted  the  test  condition  and  the  third  character 
denoted  the  specimen  number  for  that  test  condition.  For  example,  specimen  5-8-1 
was  the  first  specimen  tested  in  the  S-8  test  condition.  A  brief  description 
of  the  test  conditions  is  in  Table  VII. 


For  the  thermal -shaker  tests,  one  configuration  (Figure  l?)  and  three 
materials  (Table  VIII)  were  used.  The  material  was  the  2024- T81  aluminum  alloy  in  all 
the  test  conditions  except  §^5  and  S-6.  The  configuration  was  a  10.00  by  2.00  by 
0.063  or  0,040  im  h  beam  specimen  with  an  angle  clip  riveted  at  the  center  of  the 
specimen  to  simulate  a  stiffener  of  a  multi-bay  panel  expected  to  see  service 
in  a  thermal-acoustic  environment.  There  were  three  specimens  for  each  test 
condition.  The  specimen  length  was  chosen  to  permit  the  use  of  the  fixturing 
that  was  used  in  portions  of  the  thermal-acoustic  test  program. 


HEATSft  MODULE 


FIGURE  14.  SHAKER  SPECIMEN,  CLAMP,  AND  ROD  BEFORE  ASSEMBLY 


FIGURE  16.  BACK  SURFACE  OF  SAMPLE  SHAKER  TEST  SPECIMEN  AFTER  FATIGUE  FAILURE 


FIGURE  17  THERMAL-SHAKER  TEST  BEAM 
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(l)  Thrae  *p«cl*ena  were  tested  at  each  *e»t  condition 


TABLE  VIII  THERMAL- SHAKER  TEST  SPECIMENS 


— 

Quantity 

Material 

Overall  Specimen 
Dimensions  (inch) 

Unsupported  Specimen 
Dimensions  (inch) 

15 

2024-T8L 

10.00  x  2.00  x  .063 

8.4  x  2.00  x  .063 

3 

T1-6A1-4V 

10.0:?  x  2.00  x  .063 

8.4  x  2.00  x  .063 

3 

Rene'  41 

10.00  x  2.00  x  .040 

8*4  x  2*00  x  *040 

.  -  -  .  . 

The  maxinu>~  test  temperatures  were  30GF  for  the  2024-T81  aluminum  alloy, 
600F  for  the  Ti-^Al-AV  titanium  alloy,  and  IGOOF  for  the  Rene*  41  nickel  base 
alloy. 


There  were  a  sufficient  number  of  2024-T81  aluminum  alloy  shaker  specimens 
to  obtain  data  under  all  of  the  sequential  type  loadings  planned  in  the  thermal- 
shaker  test  program.  The  affect  of  material  on  the  fatigue  characteristics 
were  obtained  by  using  T1-6AI-4V  and  Rene'  41  test  specimens  for  one  type  load¬ 
ing  condition.  Thus,  Test  Conditions  S-5,  S-6,  and  S-7  represented  the  same 
type  of  tests  (i.e.,  steady-state,  narrow-band  random  rms  strain  response  at  a 
constant  elevated  temperature  and  with  axial  restraint)  but  for  three  different 
materials. 

Test  Condition  S-l  was  to  obtain  base  line  random  fatigue  data  in  the 
absence  of  both  thermal  effects  and  axial  restraint  at  ambient  temperature, 
whereas  Test  Condition  $-8  was  to  obtain  the  same  type  fatigue  data  but  at  300F. 

Test  Conditions  S-9  (at  the  rms  strain  response  level  of  Test  condition  S-l) 
and  S-10  (at  the  rms  strain  response  level  of  Test  Condition  S-2)  were  to 
determine  the  effect  of  axial  restraints  on  the  random  fatigue  data  obtained 
at  ambient  temperature. 

Test  Condition  S-2  was  to  determine  the  effect  of  thermal  cycling  superimposed 
on  the  steady  tms  strain  resoon**  with  the  axial  restraint  of  test  Condition  a- 10. 

lest  Condition  S-3  (with  axial  restraint!  was  to  determine  the  effect 
of  alternately  applying  steady  state  shaker  excitation  and  the  thermal 
cycling. 

Test  Conditions  5-4  (with  axial  restraint)  was  a  combination  of  the  Test 
Conditions  S-2  and  S-J. 


_  .  *  thermal  cycle  is  to  Figure  Id.  A  sample  cycle  of  Test  Condition 

S‘Wn*ritUie  ,*•  FU«*  !*»  ti*K!  periods  1  and  2  correspond  t©  a 
cycle  in  Test  Condtnon  S-2,  whereas  time  periods  3  and  4  correspond  to  a  cycle 
in  Test  Conditions  $-3.  7 


'MAX 


TIME 


FIGURE  18  -  SAMPLE  THERMAL  CYCLE 


Combines  xhake-r  excitation  with  hunting  £ roa  ambient  temperature  to 
300F  a:vd  tempe r,u u re  dwell  a?  1001". 

Cooldown  to  ambient.  temperature  with  no  shaker  excitation, 

Shaker  excitation  at  ambient  temperature. 

A  complete  thereat  cycle  tuitiwiut  shaker  excitation)  beginning  at 
ambient  tempi* nature . 


FlGLTlE  I*  mt  COMPLETE  CYCLE  IK  1tt£  S-4  TEST  COKOtTICX: 


IV. 4  INSTRUMENTATION.  TEST  SETUP.  AND  TEST  PROCEDURE 


Strain  gages  and  thermocouples  were  installed  on  the  fatigue  test 
specimens  to  obtain  strain  and  temperature  data  at  the  line  of  rivets. 

The  thermal-shaker  instrumentation  (and  test)  procedures  had  many  items 
that  were  similar  to  the  corresponding  procedures  of  the  thermal-acoustic 
test  program  and  those  items  are  not  repeated  in  this  review.  The  prin¬ 
cipal  difference  in  the  instrumentation  and  test  procedures  of  the  two 
test  programs  was  because  the  acoustic  excitation  was  replaced  by  shaker 
excitation. 

Each  test  beam  was  coupled  to  a  small  vibration  exciter  with  a  short 
rod  to  help  isolate  the  shaker  from  the  tnermal  environment.  An  accelerometer 
mounted  between  the  shaker  and  the  push  rod  provided  the  control  signal  to  an 
amplitude  servomonitor  to  maintain  the  shaker  excitation  level  throughout  a 
test.  Each  test  specimen  was  oriented  for  tests  such  that  the  length  directiot 
of  the  specimen  was  horizontal.  In  all  the  shaker  tests,  there  was  one-third 
octave  narrow  band  excitation  centered  at  31.5  Hz. 

Axial  restraint  of  specimens,  when  required,  was  obtained  by  inserting  two 
dowe.i  pins  through  each  end  of  the  specimen  and  edge  clamp  and  then  clamping  the 
specimen  tightly  in  the  test  fixture. 

IV, 5  SHAKER  TEST  RESULTS 

IV. 5, (a)  Life  as  a  Function  of  Loading  Conditions 

The  principal  objective  of  the  sliaker  tests  was  to  determine  the  effects 
of  different  sequences  and  combinations  of  heating  and  shaker  excitation.  The 
detailed  data  that  were  obtained  are  in  Appendix  C.  Much  of  the  detailed  data 
are  summarized  in  Table  IX  and  are  discussed  below. 

I„  the  S-2  test  condition,  the  target  rms  strain  at  300P  was  460  micro¬ 
inch/inch.  This  level  (460  micro-inch/inch)  of  strain  represented  the  thres 
hold  at  which  oil  canning  was  detected.  In  the  S-4  test  condition  (see 
Figure  19)  the  rms  strain  at  300F  and  at  ambient  temperature  was  also  460 
micro-inch/inch.  An  examination  (Tables  IX  and  C-l)  of  the  cumulative  dwell 
time  (i.  e.,  the  life)  at  300'P  in  test  conditions  S-2  and  S-4  indicates  that 
the  time  to  failure  of  the  S-4  series  of  specimens  was  not  significantly 
affected  by  the  heating  cy..le  without  shaker  excitation  and  by  the  shaker 
excitation  at  ambient  temperature. 

There  was  a  feat  that  in  Test  Condition  Sr 3, .the  time  to  failure  would  have 
been  prohibitive  if  the  targe,  rms  strain  was  460  micro-inch/inch  In  the  (ambient 
temperature)  shaker  excitation  phase  of  a  cycle.  Consequently,  in  the  S-3  test 
condition,  the  target  rms  strain  was  set  at  micro- Inch/ inch  as  was  the  case 
in  test  conditions  S-l  and  S-9.  (Recall  that  the  test  specimens  Had  axial 
restraint  in  the  S-3  and  S-9  test  conditions).  Upon  comparing  the  results 


obtained  in  the  S-3,  S-9,  and  S-l  test  conditions,  it  is  concluded  that  failures 
occurred  somewhat  soonar  in  the  S-3  test  condition  than  in  the  S-9  test  condition 
because  in  the  portion  of  the  S-3  test  condition  at  ambient  temperature  there 
were  residual  in-plane  stresses  from  the  thermal  cycle. 

Fatigue  failures  occurred  much  sooner  in  the  S-3  and  S-9  test  conditions 
than  in  the  S-l  test  condition.  The  earlier  fatigue  failures  are  attributed  to 
higher  peak  stretses  that  were  induced  during  the  shaker  excitation  of  the  dowel 
pinned  S-3  and  S-9  test  specimens,  which  stored  more  strain  energy  than  the  un¬ 
pinned  .9-1  test  specimens. 

The  average  time  to  failure  at  300F  in  the  S-2  and  the  S-7  test  conditions 
were  about  the  same,  „hich  indicates  that  the  thermal  cycles  in  the  S-2  test  con¬ 
dition  did  not  significantly  affect  the  fatigue  life. 

Upon  examining  the  S-4  and  S-10  test  results  it  is  concluded  that  if  the 
target  strain  at  ambient  temperature  is  to  be  460  micro- inch/ inch  in  the  S-3 
test  condition,  in  some  future  test  program  the  dwell  time  with  the  shaker  ex¬ 
citation  'it  ambient  temperature  should  be  20  or  30  minutes  to  prevent  many 
costly  waiting  periods  for  the  specimen  to  cool  to  room  temperature  after  the 
heating  to  3001'. 


TABLE  IX.  FATIGUE  LIFE  DATA 


TEST 

(CONDITION 

!  MAXIMUM 
j  TEMPERATURE 

AXIAL 

CONSTRAINT 

!  TARGET 

I  STRAIN 

j  LIFE(I) 

r— - — 

OIL 

CANNING 

1 

/o\ 

\r) 

[ 

(MM/W  - 

rms) 

j  (Min) 

i 

j 

S-l 

R.T. 

No 

766 

|  170;  210;  202 

No 

S-9 

R.T, 

Yes 

706 

9,  6;  n 

No 

S-10 

R.T. 

Yes 

460 

62;  200,  253 

No 

■  -  s  ~  * 

50.0 

Yes 

460 

.18;  17;  18 

Yes 

S-3 

300  . 

Ye  $ 

.766 

4;  6;  9 

No 

.  S-4 

300 

Yes 

460 

26;  20;  16 

Yes 

j  S-7 

300 

Yes 

460 

14;  9;  25 

Yea 

|  S-« 

}C0  ■  "j 

No  . 

£20 

130;  140;  138 

No 

S  S-3 

1 

600 

Yes 

460 

117}  231;  133 

Yes 

j  S’* 

I 

10C0 

Yes 

58 

Yes 

O)  The  life  of  each  of 

the  three  specimens  for  each  test  condition 

is 

recorded,  except  for  the 
[is  recorded. 

5-6  teat  condition,  for  which  only  one  specimen  life 

IV. 5, (b)  Effect  of  Oil  Canning  on  Life 


In  Table  C-l  are  the  average  strains  that  were  detected  prior  to  and  fol¬ 
lowing  the  snap  through  the  original  flat  positions  of  the  test  specimens  that 
were  experiencing  oil  canning  during  the  shaker  tests.  The  strain  reversals 
during  snip  through  were  large  and  apparently  were  the  principal  factor  that 
led  to  fatigue  failures  of  the  specimens. 

In  Table  X  are  the  data  that  support  the  hypothesis  that  the  fatigue  failures 
of  the  oil  canning  specimens  were  controlled  by  the  stress  reversals  that  occur¬ 
red  during  the  oil  canning.  The  method  of  obtaining  the  entries  in  Table  X  are 
described  below. 

Fifty  percent  of  the  algebraic  difference  of  the  average  strains  of  Table 
C-l  is  shown  as  the  single  amplitude  of  the  strain  reversals  in  Table  X.  Fifty 
percent  of  the  algebraic  sum  of  the  average  strains  is  shown  as  the  mean  strain 
in  Table  X.  The  mean  strains  are  absolute  values  and  may  represent  either  ten¬ 
sile  or  compressive  strains.  The  strains  were  converted  to  stress  (Table  X)  by 
multiplying  by  Young's  modulus  -with  values  of  10.5  x  104  psi  for  2024- T81  at 
ambient  temperature;  of  10.0  x  104  psi  for  2024-T81  at  300F;  of  14.9  x  104  pai 
for  Ti-6A1-4V  at  600F;  and  25.?  x  106  psi  for  Rene'  41  at  1000F.  The  time  to  an 
observed  failure  is  also  given  in  Table  X.  Time  to  failure  was  converted  to 
approximate  cycles  to  failure  by  noting  that  snap-throughs  were  occurring  at 
approximately  5  cycles  per  minute  (i.  e,,  10  snap-throughs  per  minute). 

The  stress  ratios  in  Table  X  were  defined  as  the  single  amplitude  stress 
divided  by  ultimate  tensile  strength.  The  stress  ratio  was  computed  to  obtain 
a  nondirnensional  comparison  of  the  fatigue  behavior  of  the  three  different 
materials  used  ir>  the  test  program. 

The  values  of  ultimate  tensile  strength  that  were  chosen  for  these  cal- 
culations  were  71.0  ksi  for  2C24-T81  at  ambient  temperature;  56.5  ksi  for  2024-T81 
at  300F ;  103  Usi  for  TI-6A1-4V  at  600F;  and  i 86  ksi  for  Rene*  41  at  1000F. 

Except  for  the  Rene'  41  alloy,  these  ultimate  strengths  were  obtained  from  the 
coupon  test  program.  Because  the  Rene*  41  coupon  tests  at  1000F  were  with 
improperly  aged  material,  ar,  ultimate  tensile  strength  was  calculated  for  the 
Rens*  41. alloy.  In  Reference  23,  it  is  recommended  that  the  ultimate  strength 
at  1000F  of  Rene"  41  be  calculated  as  90  percent  of  the  ultimate  strength  at 
room  temperature.  That  recommendation  was  followed  and  resulted  in  a  calcu¬ 
lated  ultimate  tensile  strength  of  186  ksi  for  the  Rene*  41  alioy. 


The  average  strains  ana  mean  strain  of  specimen  S-6-2  were  not  recorded  in 
Table  X,  because  of  uncertainty  associated  with  the  accuracy  of  those  data. 

The  strains  and  stresses  In  Tables  C-l  and  X  are  indicative  of  the  stress 
and  strain  in  the  specimens.  However,  it  is  to  be  noted  that  the  strain  gages 
in  the  t*sts  of  the  Ti-fAl-4V  and  the  Rene*  41  shaker  specimens  failed  early 
in  the  fatigue  tests.  Therefore,  the  strain  data  for  the  TI-6AI-4V  and  Rcne‘  41 
specimens  must  be  viewed  with  more  caution  than  the  strain  data  obtained  lt»  the 
2Q24-T81  specimen  tests.  The  strain  gages  in  the  2024- r$l  shaker  specimen  tests 
often  survived  approximately  eighty  to  ninety  percent  of  the  fatigue  test  (juration. 


ewwawjr:  ■emsiuui.is  ■»  .Mm* 

.  ''  '  if  in'  " '  M—Un-te.. 


S~6~ l  and  S-6-3  are  not  Included  in  this  Table  because  the  material  was  not  aged  at  1400F  for  lb  hours 
strains  of  specimen  S-6-2  are  not  reported  because  the  accuracy  in  those  data  was  much  less  than  the 
of  the  mean  strains  in  this  table. 


The  S-N'  data  in  Table  X  were  not  expected  to  deviate  significantly  from  S-N 
data  in  References  23  and  24f  that  were  obtained  in  constant  amplitude  tests,  be¬ 
cause  the  random  vibrations  in  this  shaker- test  program  were  considered  to  be  of 
secondary  importance  relative  to  the  stress  reversals  taking  place  during  snap- 
throughs.  A  comparison  of  the  test  data  in  Table  X  with  the  test  data  in  Refer¬ 
ences  23  and  24  supports  the  hypothesis  that  the  steady-state,  random  vibratory 
stresses  were  of  secondary  importance  relative  to  the  stress  reversals  occurring 
during  snap- through. 

IV. 5, (c)  Effect  of  Axial  Constraint  on  Life  of  Non  Oil  Canning  Specimens 

In  Table  XI  are  tabulated  the  random  S-N  fatigue  data  that  were  obtained  in 
the  absence  of  oil  canning.  It  is  concluded  from  an  examination  of  fatigue  lives 
for  Test  Conditions  S-l,  S-8,  and  S-9  in  Table  XI  that  the  axial  restraint  (in 
Test  Condition  S-9)  had  a  much  greater  effect  than  the  temperature  rise  to  300F 
(the  test  temperature  in  the  S-8  test  condition)  on  the  fatigue  life  of  speci¬ 
mens  tested  at  8.1  and  8.2  ksi-rms. 

IV. 5. (d)  Spectral  Densities  of  Acceleration  Input  and  Specimen  Response 

A  representative  spectral  density  of  acceleration  input  to  a  shaker  test 
specimen  is  shown  in  Figure  20.  Typical  responses  of  strain  spectral  density 
are  shown  in  Figures  21  and  22. 

Figure  21  was  obtained  during  the  shaker  excitation  of  specimen  S-4-1  at 
ambient  temperature  whereas  Figure  22  was  obtained  during  the  300F  test  of 
specimen  S-4-1,  Figure  21  is  a  typical  strain  spectral  analysis  when  snap 
through  did  not  occur  during  an  ambient  temperature  or  an  elevated  temperature 
test  condition.  Figure  22  is  a  strain  spectral  analysis  of  an  oil  canning 
fatigue  test  specimen.  In  the  spectral  analyses  shown  in  Figures  21  and  22, 
the  analysis  bandwidth  was  0.32  Hz  and  the  sample  being  analyzed  was  of  20 
seconds  duration. 
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(3)  Stress  rstlo  *  stress/ultlma tc.  tenrile  strength 


FREQUENCY  (HZ) 

Figure  20  -  SPECTRAL  DENSITY  OF  REPRESENTATIVE  ACCELERATION  INPUT  TO  SHAKER  TEST  SPECIMEN 


FREQUENCY  (HZ) 

Figure  21.  STRAIN  SPECTRAL  DENSITY  IN  THE  ABSENCE  OF  OIL  CANNING 


frequency  (HZ) 

DENSITY  IN  THE  PRESENCE  OF  OIL  CANNING 


V.  CONCLUSIONS 


Early  fatigue  failures  are  likely  to  occur  if  there  is  oil  canning  of 
thin-skinned  aircraft  structure  under  steady  state  loading  conditions  in 
combined  thermal-acoustic  environments.  The  predominant  factor  in  the  early 
fatigue  failures  is  the  continual,  although  intermittent,  large  stress  re¬ 
versals  that  are  characteristic  of  oil  canning. 

In  subsection  III, 7  is  developed  the  criterion 

A 

i.5  <  ~  <  6,  ~  >  0.3  (7) 

w 

for  predicting  the  presence  of  oil  canning  of  multi-bay  metallic  panels  in 
steady-state  thermal-acoustic  environments.  The  criterion  has  the  merit  of 
(1)  being  easy  to  apply  and  (2)  having  resulted  in  predictions  of  the  presence 
and  absence  of  oil  canning  that  agreed  satisfactorily  with  the  experimentally 
obtained  data  (Figure  7).  Since  the  only  multi-bay  panels  that  were  fabricated 
and  tested  in  the  experimental  program  were  three-bay  panels,  there  is  still  a 
need  for  further  test  data  to  verify  the  accuracy  of  the  oil  canning  predic¬ 
tions  for  other  sets  of  parameters  (i.e.,  the  temperature  rise,  sound  pressure 
level  and  spectrum,  and  panel  geometry  and  materials). 

There  is  no  generally  accepted  method  of  predicting  either  the  magnitude 
of  the  stress  reversals  or  the  life  of  panels  tnat  continually  experience  oil 
canning  in  combined  thermal-acoustic  environments.  However,  there  is  much 
evidence  that  the  life  is  not  long  under  steady-state  loading  conditions  that 
produce  oil  canning  in  the  combined  thermal-acoustic  environments.  Therefore, 
it  is  considered  a  conservative  design  practice  to  reject  aircraft  panel  designs 
that  violate  the  criteria  in  equations  7  or,  alternately,  fall  outside  of  the 
bounds  of  Figure  7  since  these  rejected  panel  designs  are  expected  to  result  in 
oil  canning  (and  early  fatigue  failures)  in  steady-state  thermal-acoustic  en¬ 
vironments. 

Fatigue  data  were  obtained  from  shaker  tests  under  (1)  the  simultaneous 
application  of  thermal  and  shaker  loading  that  produced  oil  canning  and  (2) 
the  alternate  application  of  the  thermal  and  shaker  loading  (for  which  oil 
canning  did  not  occur).  Specimen  fatigue  life  was  a  function  of  oil  canning. 

It  was  concluded  that  the  alternate  application  of  thermal  and  shaker  loading 
Is  not  an  acceptable  method  of  simulating  the  simultaneous  application  of 
those  loadings  in  tests  to  determine  fatigue  life,  when  0ki  canning  occurs  in 
the  tests. 

The  principal  factor  affecting  the  fatigue  damage  and  life  of  the  oil 
canning  shaker  test  specimens  was  the  number  of  cycles  of  oil  canning  through 
the  original  flat  position  of  the  specimens.  Other  factors  such  as  (i)  the 
number  of  thermal  cycles,  (ii)  the  ras  and  peak  response  in  the  frequency 
range  of  the  random  excitation,  and  <iii)  the  rapidity  of  heating  iha  specimens 
(the  test  specimens  were  heated  up  to  300F/m£nute)  were  of  secondary  Impor¬ 
tance  in  causing  fatigue  damage.  It  is  expected  that  the  relative  importance 
of  the  factors  affecting  the  fatigue  life  of  the  oil  cam  ing  shaker  soeclmens 
and  of  oil  canning  multi-bay  panel*  in  the  nasi -acoustic  euvirotaaents  is  the 
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same.  Therefore,  Goodman  diagrams  and/or  constant  amplitude-constant  fre¬ 
quency  S-N  data  at  the  required  steady- state  temperature  may  be  used  as  a 
first  estimate  of  the  life  of  the  oil  canning  panels  if  the  number  of  cycles 
of  panel  snap- through  and  the  stress  extremes  of  the  stress  reversal  in 
snap- through  (i.e.,  oil  canning)  can  be  estimated. 
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APPENDIX  A.  MATERIALS  SELECTION,  MANUFACTURING 
OF  SPECIMENS,  AND  MATERIAL  QUALIFICATION  TESTS 


A. 1  MATERIALS  SELECTION 


The  primary  criteria  that  were  considered  for  material  selection 
in  the  test  program  vote:  (a)  the  ma.erials  .;houtd  be  representative  of  those 
that  might  be  used  in  a  significant  load-carrying  structural  component  that  also 
has  to  withstand  elevated  temperatures;  (b)  there  should  be  available  an  adequate 
amount  of  thermo-physical  and  -mechanical  property  data  in  the  open  literature 
for  the  selected  materials  so  that  significant  funds  would  not  be  expended  in 
testing  for  such  data;  and  (c)  the  materials  selected  would  not  present  any  undue 
manufacturing  difficulties  so  that  excessive  expenditures  would  not  have  to  be 
incurred. 

Although  for  tension— cri tical  structures,  titanium  alloys,  as  characterized 
by  the  6A1-4V  alloy,  are  superior  to  the  other  classes  of  materials,  cost  con¬ 
siderations  have  usually  led  to  the  selection  of  aluminum  alloys  when  operating 
temperatures  are  not  greater  than  approximately  300F.  When  using  aluminum  in 
that  general  temperature  regime,  the  "favored"  alloy  is  2024  in  the  — T4  and/or 
-T*U  tempers  because  cf  superior^roechanical  properties  in  that  regime.  Other 
alloys  are  superior  at  lower  temperatures.  In  specific  applications,  particu¬ 
larly  near  the  upper  temperature  rvgime  for  aluminum  alloys,  consideration  must 
also  be  given  to  effects  such  as:  sustained  elevated  temperature  exposure  on 
short-time  elevated  temperature  and  room  temperature  properties,  onset  of  metal¬ 
lurgical  instability.,  creep,  etc.  iowever,  the  general  conclusions  Indicated 
above  wi U  sti H  be  va! id.  ■ 

For  tension-critical  structures  at  elevated  temperature,  titanium  alloys 
are  superior  to  the  stainless  steels,  as  exemplified  by  the.  £»HlS-7Mo,  17-7  Pi!, 
varieties.  Titanium  aMoys  are  also  super  tut  to  thi-  ip-cat  ic.  "ruj—r— 
alloy*"  (e.g.,  nickel-base  alloys)  up  to  temperature*  of  approximate iy  ROOF  to 
u0oy  (short-time  use).  The  nickel-base  alleys,  as  exemplified  by  thv  Inconel 
71$,  Rene1  41,  etc.,  are  designed  specifically  for  structural  use  to  UOi'iP  to 
laoop  (ami  higher  to  about  IR00F  for  very  lew  loads). 

For  both  tension-critical  and  compression-critical  structures,  except  tar 
a  narrow  range  of  temperatures  and  very  high  loading  intensities,  aluminum 
al toys,  titanium  a? toys,  rad  nickel-base  alloys  are  the  principal  material*  to 
be  expected  in  structural  applies t Ions  about  1?Q0F.  Therefore,  an aluminas 
alloy,  a  titanisa  alloy,  and  a  nloket-b*  alloy  were  chosen  for  use  in  the 
test  program. 

The  specific  materials  that  wore  selected  were  the  tare  2024-TAS  aluminum 
alloy,  the  bAi-4V  titanios  alloy,  and  the  Rene’  41  nickel-base  alloy. 

Data  on  physical  and  mechanical  properties  and  fatigue  characteristic*  of 
the  materials  chosen  are  available  frees  a  variety  of  source*  (such  as  Reference 
A*l).  However,  NIL-HDRK-5A  (Reference  A-2)  is  probably  the  most  widely  avail¬ 
able  source,  because  of  the  easy  availability  of  M1L-HDRR-$A,  the  figures  of 
HtL»HogR-5A  that  are  referred  to  In  Table  A- l  are  not  reproduced  for  this  re¬ 
port.  to  Table  A-l  is  a  suswary  of  figures  and  tables  of  HlL-Ht&K-SA,  ASD-T9R- 
6J*S20  (Reference  A-3),  and  NASA  TS-D* 10?  5  (Reference  A-4)  that  contain  Jnfor* 


mation  pertinent  to  the  description  of  the  2024-T81  aluminum  alloy,  the  6A1-4V 
titanium  alloy,  and  the  Rene'  41  nickel  base  alloy. 


A.  l.(a)  2024-T81  Aluminum  Alloy 

Various  aluminum  alloys  were  considered  before  the  bare  2024—T81  alloy  was 
selected.  Items  that  were  considered  before  that  alloy  was  selected  are  stated 
be  1 ow. 

The  strength  properties  of  bare  2024  in  various  tempers  are  among  the  high¬ 
est  obtainable  in  aluminum  alloys.  Including  clad  2024,  the  2024  alloy  is  one 
of  the  most  universally  used  high  strength  aluminum  alloys.  Cladding  reduces 
the  strength  of  2024  by  about  57„.  The  room  temperature  aged  conditions  (e.g., 
~T3)  of  this  alloy  should  not  be  used  where  the  temperature  exceeds  150F  and 
corrosive  conditions  exist.  The  artificially  aged  condition?  (e.g.,  — T81)  main¬ 
tain  their  strength  and  corrosion  resistance  up  to  a  temperature  of  300F.  The 
corrosion  resistance  of  the  2024  aluminum  alloy  which  contains  4.57.  Cu  is 
inferior  to  that  of  alloys  free  from  or  low  In  copper  (e.g.,  the  7075  aluminium  al 
loy  with  1.67.  Cu).  Therefore,  where  high  corrosion  resistance  is  required, 
clad  2024  sheet  and  strip  are  preferred  over  the  bare  material.  The 
alloy  is  readily  formabte  in  either  the  annealed  or  solution  treated  condition, 
limited  forming  can  also  bo  performed  in  the  T4  condition.  The  machinabi lity  of 
the  heat  treated  conditions  is  very  good.  The  alloy  may  be  resistance  welded, 
but  fusion  welded  is  not  generally  recommended. 

Tn  Figure  A-l  (from  Reference  A-5)  are  stress-strain  curves  for  2024 
aluminum  alloy  in  various  tempers.  For  this  program,  the  T81  tempe:  was  ob¬ 
tained  by  inplant  heat  treatment  of  material  that  was  procured  in  the  T3  con¬ 
dition. 


FIGURE  A-l  -  STRESS  STRAIN  CURVES  FOR  SHEET  AND  PUTE  2024 

ALUMINUM  ALLOY  IN  T3,  T6,  f8l,  AND  TR6  CONDITION 
(FROM  CODE  3203,  PACE  *  OF  REFERENCE  A-5) 


A- 3 


..  # 


The  choice  of  bare  rather  than  clad  aluminum  alloy  was  made  in  view 
of  the  following  considerations. 

In  Reference  A-6,  it  is  stated  that  while  the  effect  of  cladding 
on  static  mechanical  properties  may  be  calculated  on  a  bulk  or  volum¬ 
etric  basis,  the  local  nature  of  fatigue  nucleation  dictates  that  the 
fatigue  strength  of  a  clad  alloy  is  significantly  that  of  the  weaker 
member  of  the  core-clad  combination;  i.e.,  the  clad  material  in  all 
the  aluminum  alloy  materials  that  were  examined.  This  also  predicts 
the  fatigue  strength  reduction  by  cladding  an  alloy  to  be  much  greater 
than  the  reduction  of  static  properties.  The  values  in  Table  A-2 
(from  Reference  A-6  with  British  specifications)  confirm  that  clad¬ 
ding  has  appreciable  effect  on  fatigue  strength.  Fatigue  properties 
of  clad  2024  and  bare  2024  are  in  Table  A-3,  which  was  compiled  from 
Reference  A-5. 

The  7075  aluminum  alloy  was  not  chosen  because  the  unusually 
high  static  strength  of  7075  at  ambient  temperature  is  not  reflected 
in  corresponding  high  fatigue  resistance.  Fatigue  strengths  are  com¬ 
parable  to  those  of  2024  and  2014  which  have  lower  static  strength. 

At  high  temperatures,  the  7075  alloy  loses  its  strength  advantage 
over  2024  even  under  static  conditions. 


A,  l.(b)  Ti-6At-4V  Titanium  Alloy 

Annealed  rather  than  STA  (solution  treated  and  aged)  Ti-6Al-4V  was  chosen 
for  use  in  this  program  because  the  annealed  material  has  better  long  life  fa¬ 
tigue  resistance  and  is  used  more  often  in  designs  of  fatigue  resistant  struc¬ 
tures.  In  Table  A-4  is  a  summary  from  a  recent  titanium  course  (Reference  A-7) 
of  room  temperature  fatigue  properties  of  TI-6AI-4V.  The  advantage  of  the 
annealed  condition  over  the  STA  condition  at  10&  and  107  cycles  fatigue  appli¬ 
cations  can  be  observed  in  Table  A-4.  Additional  quantitative  information  on 
physical  and  mechanical  properties  of  Ti-6Al-4V  is  available  in  Reference  a-5 
and  the  H-6AI-4V  Handbook  (Reference  A-8). 

Tensile  tests  and  fatigue  tests  were  conducted  at  room  temperature  to 
determine  the  effect  of  previous  exposure  up  to  three  years  at  elevated  temper¬ 
atures  up  to  300P  for  cUd  2024-T81  and  550F  for  annealed  Ti-6Al-4V.  These 
tests  were  reported  in  References  A- 9  and  A- 10.  The  results  were  that  she  tensile 
strengths  and  fatigue  strengths  alter  exposure  were  essentially  ns  those  before 
exposure. 

Rene'  M  Nick*! -Bast  Alloy 

The  Rene’  41  alloy  was  chosen  for  the  highest  elevated  temperature  tests 
because  of  the  availability  of  test  data  on  the  material  and  because  Rene*  41 
appeared  to  be  a  good  candidate  material  for  service  applications  at 
elevated  temperatures. 


In  reference  A- 4,  it  was  observed  that,  in  the  long  life  region  such  as  10 
cycles,  the  fatigue  strength  tests  of  Rene*  41  at  700F  are  approximately  the 
same  as  obtained  in  tests  at  1400F.  It  was  also  observed  that  the  absence  of 
a  progressive  decrease  in  fatigue  with  increase  in  temperature  had  been  noted 
previously  for  S/-,F.  4340  steel  and  for  PH15— 7Mo  stainless  steel. 

Additional  fatigue  data  for  Rene'  41  are  on  Page  44,  Code  4205,  of  Refer¬ 
ence  A-5.  The  sharp  knee  at  approximately  10^  cycles  of  the  1400F  Rene'  41  S-N 
curve  of  Figure  9  of  Reference  A-4  is  not  apparent  in  the  1600F  Rene'  41  curve, 
but  is  apparent  in  the  800F  curve. 


TABLE  2  EFFECTS  OF  CLADDING  (FROM  REFERENCE  A-6) 


Percentage  Loss  of  Fatigu 

e  Strength  (Because  of  Cladding)  at 

1  BPMf  i ftfii 

10^  Cycles 

10^  Cycles 

DTD. 687 

11.1 

34.6 

2024  S 

8.3 

39.7 

(l)  Note  that  British  specifications  were  used  in  Reference  19 
and  DTD. 687  is  c^n  parable  to  7075-T6. 


TABLE  A- 3  FATIGUE  PROPERTIES  OF  7024  ALUMINUM  ALLOYS  (FROM  REFERENCE  A'5) 
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j 
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34 
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!  21 

1 

18 

u 
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T3-Bare 

T36-Sare 


Rotating  beam 
Rotating  beam 


22 


19 


Annealed 

Solution  treated  and  aged 


A. 2  MANUFACTURING  OF  SPECIMENS 


Because  of  the  simple  specimen  configurations,  manufacturing  difficulties 
were  not  expected  and  did  not  occur. 

A. 2, (a)  2024-T81  Aluminum  Alloy  Specimens 

All  details  were  sheared  and  draw  filed.  The  geometry  of  like  details  was 
held  to  within  +  0.030  inch.  All  of  the  angle  details  were  formed  on  a  power 
brake  in  the  -T3  condition.  All  of  the  -T3  details  were  then  heat  treated  to 
the  -T81  condition,  prior  to  drilling  to  produce  riveted  assemblies.  A  loca¬ 
tion  tool  was  made  and  used  to  maintain  a  +  .020  inch  location  for  the  po¬ 
sitioning  of  details  on  like  specimens.  A  No,  20  drill  was  used  to  provide  a 

0.161  -8|00$  inch  hole  size  for  AD5  rivets.  The  centerline  location  for  all 

fasteners  was  held  to  ±  0.020  inch  tolerance  for  all  specimens.  All  rivets 
were  squeeze  riveted,  while  maintaining  the  normal  upset  head  height  and 
diameter  per  applicable  process  specifications.  When  flush  rivets  were  installed 
±  0.002  inch  from  the  flush  condition  was  maintained. 

A.:.(b)  T1-6A1-4V  and  Rene1  41  Alloy  Specimens 

Details  were  fabricated  by  square  shearing  the  skin  and  angle  parts  to 
size.  The  edges  were  draw  filed. 

Pilot  holes  were  punched  under  size  in  the  detail  points.  Formed  details 
were  bent  on  the  power  brake.  The  skins  and  the  formed  details  were  assembled 

by  clamping  these  t  Uu»£  in  position  and  opening  the  holes  to  0.157  *2*99^ 

Inch  diameter  by  drilling.  The  holes  were  de-burred.  When  flush  rivets  were 
to  be  installed,  the  skins  were  countersunk  to  fit  the  rivets.  The  rivets 
were  inserted  In  the  holes  and  the  rivets  were  upset  by  the  Drivmatic  Riveter 
to  comply  with  applicable  specifications,  completing,  the  assembly.  The  Rene* 

41  panels  were  heat  treated  at  1400P  for  16  hours, 

A.  3  MATERIA!.  QUALIFICATION  TESTS 

Coupon  tests  were  performed  on  the  materials  used  In  the  test  program  to 
obtain  ultimate  tensile  strength  and  Young’s  modulus  and  to  guard  against  faulty 
material,  the  results  are  in  Table  A-S, 

was  a  marked  reduction  In  the  ultimate  tensile  strength  of  the 
20i6.TR l  and  ii-hAl-iV  specimens  because  of  their  increase  in  temperature, 
whereas  the  reduction  el  their  Young’s  modulus  was  much  less  drastic. 

the  tests  of  the  Rene*  M  c.mpofts  at  lOOff  are  nut  reported  in  Table  A- 5 
because  the  material,  inadvertently,  was  not  aged  at  140OF  for  16  hours  before 
testing.  However,  aft  a  matter  of  interest,  it  is  noted  that  in  the  tests 
conducted  «n  Rene*  41  coupons  that  were  not  aged  at  1400F  for  16  hours,  there 
were  two  specimens  tha*.  had  an  ultimate  tensile  strength  of  SO  ksl  and  137  ksi, 
respectively,  when  vested  at  10Q0F ,  and  them  were  three  specimens  that  each 
had  an  ultimate  tensi'e  strength  of  144  k si  when  tested  at  75F.  Young's 
modulus  of  the  three  unaged  specimens  that  were  tested  at  75F  were  29.0,  2R.2, 
and  2*1.2  ksl,  respectively.  Young's  modulus  was  not  determined  for  ;be  unaged 
specimens  that  were  tested  at  lOOOt*. 


i  ><■  -,rm» 


(l)  These  Rene'  41  specimens  were  aged  at  L400P  for  16  hours  before  testing 
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APPENDIX  B.  TABULATION  AND  EVALUATION  OF  THERMAL -ACOUSTIC  TEST  DATA 


B.L  INTRODUCTION  AND  SUMMARY 


The  number  of  tests  and  the  amount  and  types  of  Instrumentation  in  the 
thermal -acoustic  test  program,  as  well  as  the  amount  of  data  reduction 
following  the  tests,  were  established  on  the  basis  of  obtaining  sufficient 
test  data  to  meet  the  overall  program  objectives.  In  this  Appendix,  many 
details  are  Dresented  relating  to  -..he  thermal-acoustic  test  program. 


For  all  ten  of  the  thermal -acoustic  test  specimens  (static)  strain  and 
temperature  data  were  recorded  at  the  ambient  sound  pressure  level;  rms 
strains  and  temperature  data  were  recorded  at  ambient  and  elevated  temperatures 
at  139  db  and  160  db  SPL;  average  strains  at  a  strain  gage  (i.e.,  the  mean 
strain  about  which  the  rms  strains  were  obtained)  were  recorded  from 
oscilloscope  observations  8t  139  db  and  160  db  SPL.  The  organization  of 
these  strain  and  temperature  data  is  given  in  Table  B-l.  All  of  the  Tables 
of  this  Appendix  are  at  the  end  of  this  Appendix. 

In  the  tables  for  average  strain,  when  two  strain  entries  are  given  for 
a  specimen  at  a  particular  temperature,  those  two  entries  are  indicative  of 
the  two  relatively  constant  average  strains  during  the  oil  canning. 

The  static  strain  entries  for  the  aluminum  alloy  specimens  in  the  Table 
are  raw  data  and  do  not  include  corrections  for  temperature  Induced  apparent 
strain.  The  temperature  induced  apparent  strain  for  the  WK  series  strain 

gages  were  taken  from  the  strain  gage  manufacturer  data  sheets  and  are  given 
In  Tables  B-2  and  8-3.  The  corrections  for  temperature  Induced  apparent 
strain  are  included  In  the  tabulated  average  strains. 

For  *he  titanium  alloy  and  41  test  specimens,  tempers, 'ure  Induced 

apparent  strain  is  accounted  for  in  all  tabulated  values  of  strain. 

Membrane  and  bending  strains  were  computed  from  the  strain  data  that 
were  obtained  in  the  thermal  tests  at  ambient  sound  pressure  level.  Membrane 
strains  were  obtained  by  adding  algebraiciy  the  static  strains  of  the  back- 
to-back  gages  whereas  the  bending  straths  were  obtained  by  subtracting 
algebraiciy  those  static  strains.  Damping  factors  and  natural  frequencies 
we  re  also  obtained.  The  organisation  of  alt  these  data  is  also  given  in 
Table  8-1. 

The  fallowing  discussion  outlines  tho  cast  procedure  that  was  the  basis  for 
the  taste  of  the  ten  thermal -acoustic  specimens. 

Tho  test  specimens  were  Instrumented  with  a  set  of  High  temperature  strain 
gages,  for  the  oluainun  alloy  end  titanium  alloy  test  specimens  for  the  thermal - 
acoustic  and  thsrmaWshaker  test  program,  Wit  strain  gages  (manufactured  by 
Micro -Measurmaents)  were  used.  These  gages  provide  sel f -c eeperat ure-compensat ion 
and  have  been  successfully  applied  to  temperatures  to  60**?.  high  temperature 
epoxy  adhesives  were  used  for  application  of  the  gages  to  the  specimen. 


For  the  Rene'  41  test  specimens  in  the  thermal-acoustic  and  thermal- 
shaker  test  program,  BLH  Electronic  Inc  Type  HT-1212-5B  free  grid  gages 
were  used.  Because  these  gages  are  rot  temperature  compensated  and  ex¬ 
hibit  large  static  strains  due  to  even  moderate  increases  in  temperature, 
it  was  necessary  to  develop  experimentally  a  temperature  induced  apparent 
static  strain  curve  for  these  gages.  There  was  no  temperature  induced 
apparent  strain  correction  needed  for  the  dynamic  strains.  These  strain 
gages  were  bonded  to  the  test  specimens  with  BLH  "Rokide"  CER-1000  ceramic 
adhesive. 

Copper-constantan  thermocouples  and  chromel-alumSl  thermocouples  were 
installed  on  (by  bonding  with  Mithra  200)  the  aluminum  alloy  thermal -acoustic  and 
thermal -shaker  test  specimens.  Chromel-alumel  thermocouples  were  installed  on  the 
Ti-6A1-4V  and  Rene'  41  thermal-acoustic  and  thermal -shaker  test  specimens.  The 
thermocouples  were  spot  welded  to  the  Rene'  41  test  specimens,  except  at  strain 
gage  locations.  At  the  strain  gage  locations,  the  thermocouples  are  part  of  the 
gage  installation  and  were  bonded  with  the  "Rokide”  ceramic  adhesive  without  a 
spot  radiant  shield.  The  thermocouples  were  bonded  to  the  Ti-6A1-4V  test  speci¬ 
mens  with  Mithra  200. 

Instrumentation  connections  were  made  for  the  subsequent  strain  and  tempera¬ 
ture  measurements.  Each  beam,  plate,  or  three-bay  panel  was  then  installed  in 
its  fixture,  (see,  e,g.,  Figure  6  and  Figure  B-6)  which  provided  the  required 
boundary  conditions.  Clamped  boundary  conditions  which  applied  a  constraint 
against  both  normal  motion  (J.e.,  w  ®  C)  and  slope  normal  to  the  edge  (i.e., 
dw/dx  *  dWdy  3  0)  were  sought  in  the  test  program. 

The  specimens  were  then  tested  at  the  ambient  temperature  to  determine 
resonant  frequencies,  mbde  shapes  and  modal  damping  characteristics,  tow  level 
discrete  frequency  loudspeaker  excitation  was  used  for  this  determination.  The 
damping  factors  wore  calculated  with  the  logarithmic  decrement  from  the  strain 
decays  that  were  obtained  with  a  CEC  oscillograph.  Micro-miniature  accelero¬ 
meters  (Endevco  2222B)  provided  the  acceleration  data,  and  the  mode  shape 
visualisation  was  aided  by  observing  polyvinylchloride  pellet  patterns. 

Next  the  test  specimen  was  mounted  in  the  progressive  wave  acoustic  test 
chamber  opposite  the  radiant  heating  -udule.  The  initial  thermal  tests  were 
at  ambient  sound  pressure  levet.  The  thermal -acoustic  tests  were  then  conducted 
and  strain  data  and  temperature  distributions  were  taken  a:  a  set  ot  steady 
state  temperatures  at  two  sound  pressure  levels.  The  rrlerence  temperature 
was  defined  as  the  temperature  at  the  center  of  the  specimen,  the  location 
of  the  thermocouples  and  strain  gages  (in  some  cases,  back  to  back)  are  given 
in  Figures  B-9,  £-10,  and  B-ll. 

During  the  thermal  tests  with  and  without  acoustic  excitation,  the 
specimens  were  heated  to  obtain  a  temperature  rise  of  approximately  20F /minute. 

The  temperature  was  held  constant  at  the  center  of  a  specimen  for  approximately 
two  minutes  at  the  target  temperature  before  strain  and  temperature  readings 
for  cite  entire  panel  were  read. 


During  the  thermal-acoustic  tests,  the  heating  supply  was  shut  off, 
when  necessary,  during  portion^  of  data  recording  to  prevent  erroneous 
rms  strain  measurements  induced  by  the  ignitron  power  controller.  It 
was  not  necessary  to  shut  off  the  heating  supply  when  oil  canning  was 
occurring,  because  the  electrical  pulses  from  the  heating  supply  were 
masked  by  the  electrical  signals  from  the  high  level  rms  strain  response. 

It  was  necessary  to  shut  down  the  heating  supply  at  elevated  temperatures 
for  which  the  test  panel  had  achieved  a  stable  thermally  buckled  condition, 
because  the  electrical  signals  from  the  low  level  rms  strain  response  did 
not  mask  the  electrical  pulses  fro.  the  power  controller.  However  when 
the  heating  supply  was  shut  down  to  avoid  electrical  pulses  from  the  power 
controller,  the  rms  strain  response  remained  essentially  unchanged  (e.g,, 
within  ten  percent)  because  the  test  panel  remained  in  a  thermally  buckled 
stable  configuration,  even  though  the  temperature  was  drifting  down. 

The  sound  pressure  Levels  in  the  acoustic  tests  with  broadband  random  ex¬ 
citation  were  at  139  db  and  at  160  db.  Inrnediately  after  the  SPL  was  set  at 
139  db,  strain  and  temperature  measurements  were  taken  with  the  temperature  at 
the  specimen  center  at  ambient  and  successively  higher  elevated  temperatures. 
During  the  139  db  run,  the  temperature  was  increased  from  one  reference  level 
to  the  next  highest  reference  level  until  the  maximum  reference  temperature 
was  reached. 

[n  some  cases  following  the  139  db  run  under  random  excitation,  discrete 
frequency  acoustic  excitation  at  the  fundamental  frequency  was  applied  to 
obtain  damping  factors  at  the  ambient  and  elevated  temperatures  (see  Table 
B-l). 

the  hPL  was  then  raised  t;>  160  db  under  broadband  excitation  and  the  tests 
to  obtain  strain  response  and  the  temperature  distribution  were  then  repeated 
in  much  the  same  manner  as  they  hart  beet  conducted  during  the  139  db  run. 
However,  the  SPL  was  not  maU.taitu  .  at  1 60  db  as  the  temperature  was  raised 
from  ambient  temperature  to  the  various  target  lest  temperatures.  The  advantage 
sought  In  lowering  the  SPL  was  to  prevent  fatigue  failures  yf  the  heat  lamps. 

The  effect  of  the  temporary  lowering  of  the  SPL  was  believed  to  be  of  secondary 
importance  on  the  strain  data  that  were  being  obtained. 

In  some  test  cases  t  .v-n-  cere  back-to-back  strain  gages.  In  all  instances 
when  there  w«rc  back-to-' -  strain  gages,  the  strain  signal  from  each  gage  was 
recorded. 

When  membrane  strains  are  *  ‘ported  In  the  Tables  of  this  Appendix,  the 
membrane  strain  was  obtained  In  theri&ai  testa  without  acoustic  excitation.  If 
e*  was  the  static  strain  of  on-  of  me  back-to-back  strain  gage#  and  «*  wa#  the 
static  strain  of  the  other  attain  ^uge,  then  the  membrane  strain  was  the 

average  of  the  algebraic  sue*,  i.&.T  5l  *  ,*»  .  In  dynamic  cases,  the  strain 

signal  from  each  strain  gage  was  often  decomposed  Into  an  average  strain  and 
an  ms  strain,  in  dynamic  tests,  the  membrane  tm  strain  (l.e,t  midway  through 
the  panel  thiekne*s)at  locations  of  back-to-back  strain  gages  was  not  computed. 


In  many  instances  when  there  were  back-to-back  strain  gages,  the  rms 
strain  of  one  gage  of  the  pair  equalled  the  rms  strain  of  the  other  gage 
of  the  pair.  When  these  two  rms  strains  were  unequal,  the  implication 
was  that  the  neutral  axis  was  not  in  the  midplane  between  the  two  gages. 

(For  back-to-back  strain  gages  in  the  vicinity  of  a  stiffener,  the  neutral 
axis  may  often  not  lie  in  the  midplane  between  the  gages.) 

The  method  that  Is  described  in  this  paragraph  was  used  for  calibrating 
the  DC  shift  on  the  oscilloscope  during  acoustic  (and  shaker)  excitation. 

For  the  2024-T8I  and  T1-6AI-4V  thermal -acoustic  and  thermal -shaker  test 
specimens,  each  (single)  active  gage  v:.s  calibrated  to  produce  a  voltage  of 
0.50  volts  at  1280  micro-inch/inch  of  strain.  For  the  Rene’  41  test  specimens, 
the  calibration  ranged  from  0.25  volts  at  370  micro-inch/inch  of  strain  at 
ambient  temperature  to  0.25  volts  at  440  micro-inch/inch  of  strain  at  1000F . 
These  calibrations  applied  to  both  AC  and  DC  response. 

During  the  thermal-acoustic  tests  the  outputs  of  the  gages  were 
recorded  on  an  FM  tape  recorder.  When  these  data  were  played  back  the  signal 
was  monitored  by  a  True  Rms  Voltmeter  with  detection  valid  down  to  approxi¬ 
mately  2  Hz  and  by  an  oscilloscope  to  interpret  the  data  and  to  determine 
the  DC  offset  about  which  the- dynamic  response  was  occurring.  Since  in 
most  cases  the  offset  was  near  the  same  order  of  magnitude  or  larger  than 
the  dynamic  response,  the  measurement  could  easily  be  detected  by  observing 
the  oscilloscope  trace  of  the  DC  mode.  As  an  example,  a  dynamic  reading  of 
25  mv  about  a  mean  offset  of  50  mv  could  be  easily  read  on  an  oscilloscope 
scaled  at  100  mv/cm.  The  fluctuating  strain  components  with  frequencies 
less  than  2  Hz  are  not  included  in  the  recorded  rms  strain  values,  since 
the  True  Rms  Voltmeter  being  used  in  the  test  did  not  interpret  strain 
components  with  spectral  content  below  2  Hz. 

The  oscilloscope  output  was  also  used  for  determining  the  acceptability 
of  data  and  for  detecting  the  presence  of  oil  canning,  oil  canning  produced  a 
scope  display  that  fluctuated  from  a  positive  DC  offset  to  a  negative  DC  offset 
In  a  random  manner. 

A  lb-channel  Brown  recorder  was  used  to  monitor  and  record  the  temperatures 
of  the  specimen  under  test.  The  static  strain  data  recorded  as  a  function  uf 
temperature  were  read  directly  from  an  SR-4  strain  Indicator  and  10-chantn-l 
switching  unit.  During  combined  temperature  ami  acoustic  tests,  the  strain 
data  were  recorded  on  a  14-channel  F -H  tape  recorder.  Analysis  of  the  strain 
data  was  performed  on  an  5D301C  real  time  spectrum  analyser  and  a  B  and  k  True 
Rms  Voltmeter. 

The  acoustic  environment  was  controlled  and  monitored  by  two  pbolecon 
pressure  transducers  located  within  the  test  cell.  During  ambient  temperature 
conditions  .sue  transducer  was  installed  in  the  center  of  the  tctst  cell  while 
the  second  transducer  was  located  24  Inches  upstream.  During  high  temperature 
conditions  the  upstream  pressure  transducer  was  monitored  to  estimate  the 
acoustic  environment  in  the  test  cell.  The  microphone  data  were  recorded  on 
the  F-H  tape  recorder  during  the  conduct  of  the  tests. 

A  Hewlett  Packard  Model  120  B  oscilloscope  was  used  to  observe  the 
strain  response  versus  tine  for  arbitrary  strain  gages  during  the  teats* 


All  temperatures  in  the  Tables  are  in  (units  of)  degrees  Fahrenheit;  all 
pressure  levels  (SPL's)  are  in  db  r-.-latlve  to  20  pN/ma;  all  static,  average, 
membrane,  and  bending  strains  are  in  micro- inch/inch;  and  all  random  strains 
are  in  micro-inch/inch  rms.  Recall  that  rms  strains  do  not  include  the 
average  strain  about  which  the  random  strains  may  fluctuate. 

Typical  photographs  of  the  specimens  are  in  Figures  B-l  through  B-7. 
Particular  specimens  that  are  illustrated  are  specimens  A-2-2,  A-3-2,  A-4-l, 
A-5-1,  and  A- 5-2.  (.Specimen  A-l-l  is  shown  in  Figure  6).  A  view  of  the 
thermal-acoustic  section  without  the  test  fixture  for  the  thermal -acoustic 
specimens  is  in  Figure  B- 8 ;  front  and  back  views  of  Specimen  A-5-2  installed 
in  the  test  fixture  are  in  Figures  B-6  and  B-7,  respectively, 

B. 2  INSTRUMENTATION  OF  BEAM  SPECIMENS  A-l-l  AND  A- l -2 


The  beam  specimens  A-l-l  and  A-l-2  were  tested  to  determine  the  effects 
of  a  one  dimensional  varying  temperature  distribution. 


During  the  thermal  acoust ic- tests ,  beam  specimens  A-i-t  and  A-l*2f  which 
were  tested  separately,  were  oriented  in  the  test  fixture  so  that  tha  ;r 
flow  in  the  acoustic  test  chamber  was  parallel  to  the  length  direction  of  the 
specimens.  Strain  gages  No.  I  and  No.  2  were  upstream  and  back -to 
strain  gages  No.  3  and  No.  4  were  at  the  center  of  the  beam  and  back-',  ‘-back; 
and  strain  gages  No.  5  and  No.  fe  were  downstream  and  back-to-back. 
location  of  the  strain  gages  (and  thermocouples)  is  in  Figure  B.-9. 

Measurements  from  five  thermocouples  were  taken  in  the  test  of  specimen 
A-l-l  and  measurements  fro©  three  thermocouples  were  taken  in  the  test  of 
specimen  A-l-2.  The  location  of  the  thermocouples  is  in  F l go  re  B-l. 

A  picture  of  specimen  A-l-l  Installed  In  the  tes*.  fixture  is  shown  in 
Figure  6.  The  air  gaps  between  specimen  A-l-l  and  the  two  thin  acoustic 
reflector  plates  (that  are  clamped  on  three  sides  and  free  on  the  fourth 
side)  that  are  part  of  the  test  fixture  in  the  tests  of  specimens  A-l-t  and 
A-l-2  are  clearly  visible  in  Figure  6.  The  two  acoustic  re  five  two  plates 
also  served  as  heat  shields  tor  the  test  fixture. 

B.l  MODAL  AND  THERMAL  TESTS  Of  SPECtKKKS  A-l-l  AND  A-l-2 

The  fundamental  frequency  of  specimen  A-l-l  was  113  hz  under  loudspeaker 
excitation  at  ambient  temperature.  At  temperatures  of  l  OOF .  20DF,  and  300? » 
the  fundamental  frequency  was  obtained  under  discrete  frequency  acoustic 
excitation  and  was  slightly  lower  liable  S-9)  than  the  aforementioned  113  Ha. 
The  fundamental  frequency  is  influenced  by  the  In-plane  compressive  stress 
which  tends  to  reduce  the  fundamental  frequency  of  a  fiat  beam  and  by  the 
increasing  curvature  tfrom  the  therm!  buckling)  which  tends  to  increase  the 
fundamental  frequency.  Apparently  these  two  effects  essentially  cancelled 
each  other,  since  the  net  change  in  fundamental  frequency  was  small. 
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FIGURE  B-6.  FRONT  VIEW  OF  PANEL  A-5-2  INSTALLED  IN  THE  TEST  FIXTURE 
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FIGURE  5-7.  BACK  VIEW  OF  PANEL  A-5-2  INSTALLED  IN  THE  TEST  FIXTURE 


NOTES:  1.  S  denotes  strain  gage  and  T  denotes  thermocouple* 

2.  The  portion  of  the  specimen  that  is  exterior  to  the  continuous 
dashed  lines  is  in  contact  with  the  test  fixture. 
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Panel  A-2-1: 


Back  to  back  strain  gages 
are:  S. 


S_  “ 


S2*  S3  "  S4, 


7  8*  9  “  10* 

No  thermocouples  are 
exposed  to  the  lamps 


Strain  gages  on  surface 
exposed  to  lamps  and/or 
acoustic  flow  are  S 2>  S^, 


V  S10* 


Beam  A-l-1  and  A-l-2:  T4 
&  T.were  omitted  on  beam  4-1-2 
Back  to  back  strain  gages 

are  Sj,  -  S2, 


Line  of  rivets 


S3  ‘  V 


|S«.  -  S6  with  even  num¬ 


bered  strain  gages  and 
(t>  on  the  exposed  surface 


Panel  A-3-lt 


S„,  S0  are  centered  on 


2’  “8 
the  line  of  rivets. 
S„  -  S,,  S 


'3  "  ”4’ 


S7  are  back 


to  back  on  the  skin  and 
adjacent  to  the  stiff¬ 
eners. 

S. 


are  back  to  back 


at  the  panel  center. 

3»  T6,  S9,  S1Q  are 

the  stiffener  flange  not 


in  contact  with  the  skin. 

T1  “  *2*  T4  “  T5  ar®  bac^ 

to  back  on  line  of  rivets. 


FIGURE  B-9  LOCATIONS  OF  STRAIN  GAGES  AND  THERMOCOUPLES 
OF  SPECIMENS  A-l-1,  A-l-2,  A-2-1,  and 
A- 3-1 
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Sj»  s4 ,  S4,  Sg, 
s,,,  T,  and  T4  are 
exposed  to  the  lamps. 
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The  fundamental  frequency  of  specimen  A- 1-2  that  was  obtained  under 
loudspeaker  excitation  was  116  Hz  before  the  thermal  test  at  ambient  SPL 
and  was  111  Hz  following  the  test.  The  implication  is  that  the  edge  fixity 
uas  slightly  changed  because  of  the  heating  cycle. 

The  predicted  fundamental  frequency  of  the  unstiffened  beams,  based  on 
clamped  edge  conditions  and  a  beam  length  of  8.4  inch,  a  thickness  of  0.04 
inch,  Young's  modulus  of  10.5  x  10s  psi  ,  and  a  mass  density  of  0.100  lb/ina, 
is  118  Hz.  (Equations  for  calculating  neural  frequencies  of  homogenous, 
isotropic  beams  of  uniform  thickness  with  various  end  conditions  are  in 
Reference  B-l.)  The  formula  used  in  calculating  the  fundamental  frequency 
was 


The  conclusion  reached  after  evaluating  the  test  data  obtained  in  the 
thermal  tests  at  ambient  sound  pressure  Level  is  that  specimen  A- 1-1  buckled 
when  the  temperature  was  increased  from  78F  to  100F  and  specimen  A-l-2 
buckled  when  the  temperature  was  increased  from  74F  to  85F.  This  buckling 
was  expected  because  the  test  setup  tended  to  prevent  motion  of  the  ends  of 
the  specimen  as  the  specimens  were  heated  and  the  critical  buckling  stress 
was  reached  as  the  temperature  was  increasing  towards  100F. 


The  critical  buckling  stress  and  strain  of  a  clamped -clamped  beam  was 
calculated  from 
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The  aforementioned  beam,  for  which  the  fundamental  frequency  was  calculated 
to  be  118  Hz,  had  a  critical  buckling  stress  of  770  psl  and  a  critical  buckling 
strain  of  73  micro* Inch/ inch.  For  the  beam,  a  uniform  temperature  increase  of 
6F  produces  73  micro- Inch/tnch  of  thermal  expansion  (e  »  a6T»  and  or  a  13  a  10*® 
micro- inch/inch  for  the  aluminum  alloy  specimens  at  ambient  temperature). 

When  the  temperature  was  Increased  from  100F  to  300F  In  the  thermal  tests 
at  ambient  SPL,  the  binding  strains  (Tables  B-8  and  B-13)  Increased  consider¬ 
ably  more  than  the  average  In-plane  strains.  Thus,  in  the  postbuckling  state 
up  to  300F ,  there  was  considerable  bending  without  a  corresponding  increase  in 
the  in-plane  thermally  induced  membrane  stress. 
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B.4  DYNAMIC  TESTS  OF  SPECIMENS  A-l-t  AND  A- 1-2 


The  rms  dynamic  strains  in  the  thermal -acoust ic  tests  of  specimen  A- 1-1 
are  in  Table  B-5  and  of  specimen  A-l-2  are  in  Table  B- 11.  The  average  strains 
during  the  dynamic  tests  of  specimen  A-l-1  are  in  Table  B-6  and  of  specimen 
A-l-2  are  in  Table  B-ll* 

For  specimen  A- 1- 1,  during  the  13$  db  run  the  rms  dynamic  strains  did 
not  shift  appreciably  with  increasing  temperature,  and  the  membrane  strains 
at  elevated  temperatures  did  not  significantly  exceed  the  static  buckling 
strains.  However,  during  the  160  db  run,  the  res  dynamic  strain  did  shift 
significantly  in  going  from  100F  to  200F  with  the  membrane  strains  not  deviating 
Loo  significantly  from  the  critical  buckling  strain.  (The  membrane  strains  in 
the  dynamic  tests  are  not  tabulated  in  this  report). 

For  specimen  A-i-l,  during  the  160  db  run  the  Increase  in  rms  strain 
with  increasing  temperature  occurred  because  there  was  no  stable  curved 
configuration  and  the  combination  of  increasing  temperature,  restrained  ends 
of  the  specimen,  and  the  high  intensity  pressure  resulted  in  rms  strains  that 
increased  with  increasing  temperature. 

The  examination  of  the  rras  dynamic  strains  and  average  strains  during 
dynamic  tests  of  specimen  A-l-2  (Table  B-ll)  lead  to  the  following  conclusions. 

As  the  temperature  was  Increased  from  ambient  to  300F  at  139  db  EPL,  the  rms 
strains  decreased  as  the  midplane  compressive  strains  and  the  curvature  from 
bending  increased.  There  was  no  evidence  of  oil  canning  during  the  134  db 
bi‘L  run. 

During  the  ibO  db  b'Pl.  run  of  specimen  A-l-2,  there  was  evidence  of  uil 
cunning  when  the  data  were  taken  at  200F  and  300F .  The  reason  that  the  rms 
strain  was  l owe r  at  300F  than  at  2QOF  is  probably  a  result  of  Increased  curvature 
and  stiffening  because  of  heating.  Until  oil  canning  occurred  in  the  1 60  db 
run,  the  rms  strains  had  increased  only  slightly  with  Increasing  tempt- r.uurv. 

The  principal  difference  between  the  thermal -acoustic  test  results  of 
the  beam  specimens  A-l-1  and  A-l-.!  was  the  presume  of  oil  canning  of  specimen 
A-t-2  and  the  absence  of  oil  canning  of  specimen  A-l-1.  The  most  probable 
explanation  is  that  since  the  edge  clamping  of  each  of  the  tvy  specimens 
depended  on  triction  from  the  clamping,  specimen  A-l-t  was  probably  not  clasped 
as  tightly  as  specimen  A-l-2.  To  avoid  this  problem  on  mm  ol  the  specimens 
tested  later  in  the  program,  dowel  i shear)  pins  were  inserted  through  the  spec ;>?».< 
ends  and  the  edge  damps  to  prevent  slipping.  The  friction  is  required 
to  develop  the  thermal  strains  and  the  curvature  that  arc  required 
prior  to  oil  canning.  The  average  strains  of  spec imrn  A-l-2  (Table  B-i,1 
much  higher  titan  the  average  strains  of  specimen  A-l-1  (Table  B-6).  Tb  t 
comparison  of  strain  data  supports  the  premise  that  oil  canning  did  tv 
In  the  thermal-acoustic  tests  of  specimen  A-l-l  at  160  db  SPL,  becaus 
edge  damp  was  not  tight  enough  to  develop  the  frictional  force  and  .  <: 

curvature  that  was  necessary  for  the  oil  canning. 
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B .  5  1  MSTRUMENTATlc:-.  OF  PLATE  SPECIMENS  A -2-1  AND  A -2- 2 


Specimen  A'- 2-1  was  Instrumented  with  ten  strain  gages  and  twelve  thermo¬ 
couples  (Figure  B-9).  Specimen  A-2-2  was  instrumented  with  twenty  strain  gages 
and  five  thermocouples  (Figure  B-10).  The  strain  gages  of  specimen  A-2-2 
were  installed  in  &  :  s  of  four.  The  four  members  of  a  set  were  back-to-back 
and  parallel  to  both  ■£  the  perpendicular  edges  in  order  to  permit  the 
calculation  of  sire:.-  in  the  binxlally  loaded  plates. 

B.b  MODAL  AiiD  THERMAL  TESTS  OF  SPECIMENS  A-2-1  AND  A-2-2 

The  fundamental  frequency  (under  loudspeaker  excitation  at  ambient 
temperature)  of  specimen  A-2-1  was  119  Hz  and  of  specimen  A-2-2  was  129  Hz. 

The  calculated  fundamental  frequency  was  138  Hz  for  a  plate  clamped  on  all 
four  edges  and  with  geometrical  properties  of  18.4  inch  length,  8.4  inch 
width,  and  0.04  inch  thickness,  and  with  Poisson's  ratio  of  0.33  and  Young's 
modulus  of  10. 5  x  10  psi.  The  o 1 arcped - c 1 amped  beam  functions  were  used  in 
obtaining  the  equation  for  calculating  fundamental  frequency  that  Is  in 
Equation  (4?)  of  Reference  B-2.  The  discrepancies  between  the  test  and 
predicted  fundamental  frequencies  are  attributed  principally  to  differences 

in  edge  fixity. 


lh<-  the  rami  buckling  stress  can  be  calculated  using  Equation  19-11.)  on 
page  3ft(  of  Reference  8-3.  The  equation  is 
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The  above  equation  was  based  on  an  assumed  deflection  shape 
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If  there  is  uniform  temperature  throughout  the  plate  and  if  there  are 
equal  restraints  on  alt  four  edges  against  in-plane  expansion,  then  in  the 
absence  of  bending  there  wilt  be  a  uniform  biaxial  stress  state  with  f  a  sy. 

For  a  plate  with  a  length  of  if>. 4  in,,  a  width  of  8.4  in.,  a  thickness 
of  0.04  in.,  Poisson's  ratio  of  0.33,  and  Young's  modulus  of  10.5  x  psi, 
one  obtains  fro®  equation  (B»3) 

j*  ^  a  Sy  s  833  psi 
and  from  Hooke's  law, 
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55  micro- inch/ inch  . 
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NOTES : 


1.  A  strain  gage  Is  denoted  by  a  dash  and  S. 

2.  A  thermocouple  is  denoted  by  a  circle  and  T. 

3.  The  portion  of  the  specimen  that  is  exterior  to  the  continuous 

dashed  lines  is  in  contact  with  the 
test  fixture. 

PANEL  A -2- 2 

S,  and  S  are  back  to  back 
i  i+ 1 

strain  gagps  if  i  is  an  odd  number. 

The  strain  gage  axis  is  in  the  panel 
width  direction  if  i  is  less  than  11; 
the  strain  gage  is  in  the  panel  length 
direction  if  i  is  greater  than  10.  It 
i  is  even,  Sj  is  on  the  surface  exposed 

to  the  heating  lamps. 

Thermocouple  T^  is  at  the  panel  center. 

The  other  four  thermocouples  are  each 
near  the  intersection  of  a  panel  center 
line  and  a  panel  edge.  No  thermo¬ 
couple  is  exposed  to  the  heating  lamps. 


PANEL  A-3-2 

The  thermocouple  locations 
are  defined  in  Figure  B-9. 


Strain  gage  pairs 

and  S^-Sio  are  back 
to  back  and  in  the  width 
d 1  foci ion  of  t hr  e «m t  ra l 
hay;  the  pair  S|j*Sp  4r*' 

back  to  back  and  parallel 

to  the  stiffeners,  S,  is 

i 

on  the  surface  exposed  t^. 
the  heating  lamps  if  i  is 
even  and  is  on  the  other 
Surface  of  the  skin  if  i  is 
odd .  Sj  and  are  at  the 

line  of  rivets,  and  S|  and 
S;  ate  at  the  center  of  the 
outer  bays. 


FIGURE  &- K>  LOCATION  OF  STRAIN  CAGES  AND  THERMOCOUPLES 

OF  SPECIMENS  A-2-2  AND  A- 3- 2 
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Since  an  unrestrained  Isotropic  panel  wl';l  extend  according  to  e  =  ofr T 
when  the  temperature  Is  untfom.lv  Increased  by  £T,  a  temperature  Increase  of 
only  4F  will  Induce  buckling  of  the  restrained  panels  A-2-l  and  A-2-2.  From  the 
thermal  strain  test  data  (Tables  B-8  and  B-19)it  is  verified  that  large  bending 
strains  have  Indeed  occurred  when  the  temperature  was  increased  to  100F  from 
ambient  temperature. 

The  temperature  distribution  across  the  length  of  the  panel  A-2-l  was 
not  uniform  (Table  B- 17),  and  It  was  determined  at  the  conclusion  of  the 
ambient  STL  run  that  the  cause  was  due  to  an  electrical  short  in  the  lower 
lamp  bank  assembly.  The  test  was  not  rerun,  since  maintaining  a  temperature 
at  strain  gages  No.  I  through  No.  5  along  the  length  of  the  panel  was  not 
considered  to  be  too  significant  In  affecting  the  termperatures  along  the 
width  of  tli«i  panel  at  the  important  locations  of  strain  gages  No.  6  through 
No.  10. 


The  strain  data  obtain  :  during  the  thermal  test  of  specimen  A-2-1  are 
in  Table  8-14  and  during  the  test  of  sperlrv-  A-2-2  are  in  Table  B-18.  The 
membrane  and  binding  strains  during  these  tests  at  ambient  SPL  are  in  Tables 
i  '•  and  8-14. 


Because  there  were  not  back-to-back  gages  in  perpendicular  directions 
on  panel  A-2-1,  stresses  could  nut  be  computed  for  panel  A-2-l,  In  order 
tu  compute  membrane  and  bending  stresses  for  the  two  dimensionally  thermally 
stressed  unstiffened  plates,  specimen  A-2-2  was  Instrumented  with  20  strain 
gages  that  were  in  sets  of  four  to  obtain  strains  in  perpendicular  directions 
at  back  to  back  locations. 

Static  stresses  were  obtained  upon  using  Hooke's  taw  for  two-dimensional 
stresses  of  binxially  stressed  is-»t topic  material. 
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The  strain*  were  converted  to  nondimensional  stress,  based  on  an  assumption  of 
one-third  for  Poisson' s  ratio, .  The  nondimensional  membrane  and  bending 
stresses  ate  in  Tables  S-20  and  8-21  and  ite  based  on  the  strain  data  in 
Table  8-19. 


An  evaluation  of  the  stresses  in  Table  8-20  Is  now  presented  and  the 

results  are  evaluated  on  the  basis  of  the  post buck  ling  behavior  of  biaxial ly 

stressed  piates.  The  membrane  stresses 

*ti  *  *ia*  *  *»♦»  ’  H* 

2*“  2 
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at  the  shorter  center  tine  indicate  a  distribution  of  extensional  stresses 
in  the  panel  direction  with  compression  at  the  edges  and  tension  at  the  plate 
center.  The  membrane  stresses 

s3  r  s4  and  Sg  ♦  s10 

2  2 

at  the  longer  center  line  indicate  a  distribution  of  extensional  stresses  in 
the  panel  width  direction  with  higher  compressive  stresses  at  the  panel  edge 
than  at  the  panel  center. 

A  comparison  of  membrane  stresses 

Sf’  T  s>  a  and  *l6  ♦  s19 

-  2 

shows  that  there  is  a  smaller  membrane  stress  at  the  panel  comer  than  at  the 
intersection  of  the  panel  edge  and  long  center  line.  " 

A  comparison  of  membrane  stresses 

s?  ’  %  and  ♦  sJ0 

r"y  ~  ** 

show?,  the  same  pattern  of  membrane  stresses  as  was  just  noted  for 
4:»  T  a  ,kt,d  ’  si« 


the  aforementioned  experimental! y  obtained  membrane  stress  pattern  ot 
panel  A-2-2  appear*  to  be  consistent  with  a  pattern  that  can  be  theoretical  Sv 
obtained  using  the  approach  on  pages  Mi-41?  of  Reference  B-  3  for  the  ana i  •> * i * 
of  postbuchling  stresses  of  isoimpic  plates. 

The  st tains  of.  Table  8-tS  were  converted  to  nondiftenslonat  sires*  using 
liquations  lire  resulting  nondl*s»snsio«al  stresses  are  in  Table  8*22, 

Susie  of  the  high  tensile  stresses  in  Table  8-22  can  be  of  c-  aside  fable  import  am:* 
in  applications  wti.n  there  is  high  l nlan&l 'v  acoustic  excitation  at  the  elevated 
t  r-aspe  rat  ores ,  because  the  ace.-j« tie  fatigue  life  is  functionally  dependent  on 
both  the  average  thermal  sites*  lat  a  point!  and  the  fluctuating  stress,  which 
In  turn  nay  be  particularly  sensitive  to  the  presence  of  absence  of  oil  canning. 

The  temperature  data  obtained  in  the  thereat  tests  ate  in  Table  S**i. 
the  strain  corrections  (that  are  included  in  Table  B-19)  for  teispera* yf»-  induced 
apparent  strain  were  based  on  the  nominal  temperatures  in  Table  8-23. 
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B. 7  DYNAMIC  TESTS  OF  SPECIMENS  A-2-l  AND  A-2-2 


The  rms  dynamic  strains  of  specimen  A-2-1  are  in  Table  B-15  and  of 
specimen  A-2-2  are  in  Table  B-24.  The  average  strains  during  the  dynamic 
tests  of  specimen  A-2-1  are  in  Table  B- 1 6  and  of  specimen  A-2-2  are  in 
Table  3-25. 


Oil  canning  was  not  detected  in  the  test  of  specimen  of  A-2-l.  However, 
oil  canning  may  have  occurred  without  being  detected  since  tests  were  conducted 
only  at  discrete  combinations  of  sound  pressure  level  and  temperature.  If  oil 
canning  actually  did  not  occur,  the  most  probable  explanation  is  that  the 
friction  clamp  was  inadequate  It^ere  ve re  nc  dcwel  pins  connecting  the  specimen 
to  the  fixture)  and  permitted  slippage,  which  in  turn  affected  tne  curvature 
that  would  have  been  necessary  for  oil  canning. 

To  avoid  the  problem  of  slippage  in  the  friction  damps  during  the  rest 
of  specimen  A-2-2.  dowel  pins  were  installed  along  the  periphery  of  the  test 
specimen  to  join  the  specimen  to  the  test  rixrure  during  the  tests. 

The  sequence  of  the  dynamic  testing  of  specimen  A-2-2  that  is  reported  in 
lahles  B-24  and  B- 25  is  now  described.  The  first  139  db  run  was  conducted  and 
then  the  160  db  run  was  conducted.  Following  those  tests,  an  examination  of 
the  back-to-back  dynamic  strain  gage  data  from  gages  No.  3  through  No.  6 
Indicated  that  the  neutral  axis  of  the  dynamic  strains  was  not  midplane  of 
the  skin  (because  of  the  proximity  of  the  stiffeners)  during  the  139  db  run, 
since  the  back-to-back  gages  had  considerably  different  dynamic  strains.  In 
exploring  this  further,  the  139  db  run  was  repeated  after  the  conclusion  of 
the  160  db  run.  During  the  second  139  db  run,  the  back-to-back  gages  had  much 
more  nearly  equal  strain  readings,  possibly  because  of  the  intervening  160  db  run. 

During  the  first  139  db  oil  canning  was  detected  at  100F  (see  Table 
B-25).  Panel  A-2-2  was  ouch  stlffar  at  200£.  and  300F  at  139  db  (see  the  r»s 
strain  response  In  Table  B-24),  because  the  curvature  fro®  heating  had  led  to 
a  stable  (t.e.,  no  oil  canning)  curved  configuration  at  139  db. 

Oil  canning  was  not  detected  at  100F ,  200F,  or  200F  during  the  second  run 
at  139  db,  but  the- considerable ’-increase  in  stiffness  that  results  In  a  decrease 
in  ras  response  was  again  noted  at  200F  and  3 OOF  tTable  B-24). 

Oil  canning  va*  detected  at  2O0F  during  the  160  db  run  (see  Table  B-25), 
and  at  30GF  the  dynamic  response  had  decreased  considerably. 

B.8  INSTRUMENTATION  OF  PANEl  SPECIMENS  A-3-i  AND  A-3-2 

Spec tern  A. 3-1  was  Instrumented  with  eleven  strain  gages  and  eleven  thermo¬ 
couples  (Figure  B-9) .  Specimen  A-3-2  was  Instrumented  with  eleven  strain  gages 
and  nine  thermocouple*  (Figure  E-10). 


B.9  MODAL  AND  THERMAL  TESTS  OF  SPECIMENS  A-3-1  AND  A-3-2 


Under  loud  speaker  excitation  the  fundamental  frequency  of  specimen  A-3-1 
was  103  Hz  (Table  B-9)  and  of  specimen  A-3-2  was  131  Hz  (Table  B-36).  The 
most  probable  explanation  for  the  discrepancy  in  the  natural  frequencies  is 
that  there  was  less  effective  edge  fixity  obtained  in  the  installation  of 
specimen  A-3-1  in  the  test  fixture. 

The  observed  strain  data  (before  corrections  for  temperature  induced 
apparent  strain)  in  the  thermal  test  at  ambient  SPL  are  in  Table  B-26  for 
specimen  A-3-1  and  in  Table  B-30  for  specimen  A-3-2.  The  membrane  and  bending 
strains  during  these  ambient  SPL  tests  are  in  Table  B-27  for  specimen  A-3-1 
and  in  Table  B-31  for  specimen  a-3-2.  The  temperature  distribution  during 
these  tests  lend  aiso  during  the  dynamic  tests)  are  in  Table  B-28  for  specimen 
A-3-1  and  in  Table  B-32  for  specimen  A-3--.. 

Prior  to  the  thermal-acoustic  runs  with  specimen  A-3-2,  natural  frequencies 
and  strains  at  the  center  of  the  three  bays  were  obtained  under  discrete 
frequency,  loudspeaker  excitation.  Based  on  the  strain  amplitudes,  the  phase 
relations  cf  the  ih~ee  bays  are  predicted  in  Tabic  B-36,  in  which  the  strains 
are  nondlmensional Ized. 

In  comparing  the  strains  of  various  locations  (e.g.,  the  panel  center) 
of  specimens  A-3-1  and  A-3-2, the  correspondence  of  strain  gages  is  as  given  In 
Table  B-34  (e.g.,  strain  gage  No.  7  of  panel  A-3-l  corresponds  to  strain  gage 
No.  5  of  panel  A-3-2). 

It  (s  deduced  from  the  strain  data  tine  were  obtained  in  the  tests  of 
specimens  A-3-1  and  A-3-2  that  there  was  an  odd  number  (most  probably  one)  of 
halt  waves  In  the  center  bay  at  the  elevated  temperatures  in  the  tost  of  panels 
A-3-l  and  A-3-2.  Most  of  the  betiding  of  the  central  bay  occurred  before  15QF 
was  reached  In  the  test  of  each  of  the  panels.  The  membrane  compressive  strains 
of  all  the  baek-to  back  strain  gages  increased  until  300F  was  reached  in  the 
test  of  panel  A-3-l  but  only  at  the  middle  of  the  central  bay  of  panel  A-3-2 
did  the  membrane  compressive  strain  increase  until  300F  was  reached. 

The  decrease  in  membrane  strain  at  the  higher  elevated  temperatures  of 
panel  A-3-2  was  probably  due  to  some  slippage  at  the  edge  clamps  which  relieved 
the  compressive  serein  and  stress.  However,  the  stress  in  the  width  direction 
nf  the  bay  cannot  be  calculated  because  there  are  oo  strain  data  for  the  length 
direction  e£  the  bay. 

B. 10  IftNAPtC  TESTS  OF  SPECIMENS  A-3-l  AND  A-3-2 

The  tms  dynamic  strains  of  specimen  A-3-l  are  in  Table  B-29  and  of  specimen 
A-3-2  are  in  Table  B-33*  The  average  strains  during  the  dynamic  tests  of 
specimen  A-3-l  are  in  Table  B- 16 and  of  specimen  A-3-2  are  in  Table  8-35. 


B. 10(a)  Specimen  A- 3-1 


A  discussion  of  the  dynamic  tests  of  specimen  A- 3-1  is  in  subsection 
III. 8.  Natural  frequencies  obtained  under  acoustic  excitation  at  ambient 
temperature  (and  at  elevated  temperatures)  during  the  139  db  and  160  db 
run  did  not  coincide  with  natural  frequencies  obtained  under  loudspeaker 
excitation.  This  was  not  investigated  further  since  it  is  known  that 
response  nonlinearities  caused  by  large  deflections  and  in-plane  stresses 
will  cause  shifts  from  natural  frequencies  that  are  obtained  under  linear 
resconso  conditions. 


H.loCb)  Specimen  A-3-2 

Oil  canning  was  not  detected  in  the  139  db  run,  but  there  was  a  decrease 
in  rros  response  at  100F,  200F,  and  300F  which  indicates  oil  canning  occurred 
between  76F  (ambient)  and  100F. 

Oil  canning  was  detected  at  200F  and  300F  during  the  160  db  run.  However, 
during  the  160  db  run,  the  rms  strain  response  in  general  was  significantly 
higher  at  200F  chan  at  300F .  The  implication  is  that  the  curvature  (and  stiffen¬ 
ing)  was  increasing  as  300F  was  being  approached,  and  consequently  the  rms  strains 
were  decreasing.  Another  implication  is  that  if  the  temperature  were  increased 
somewhat  beyond  300F ,  the  oil  canning  would  have  ceased  at  160  db  SPL. 

8.11  INSTRUMENTATION  OF  SPECIMENS  A-4-1  AND  A-4-2 


Specimen  A-4-1  was  instrumented  with  seven  thermocouples  and  six  strain 
gages  (Figure  8-11)  and  specimen  A-4-2  was  instrumented  with  seven  thermo¬ 
couples  and  four  strain  gages.  The  strain  gages  that  were  denoted  as  strain 
gages  No.  4  audn.No,  6  on  specimen  A-^-l  were  parallel  to  the  line  of  rivets  on 
the  surface  that  was  exposed  to  the  heating  lamps  and  were  offset  from  the  line 
of  rivets  by  0.3  inch.  Strain  gages  No.  4  and  No,  6  were  Installed  to  obtain 
data  reflecting  the  thermal  effect  on  strain  in  the  stiffened  portion  of  the 
skin  and  in  the  direction  of  the  stiffeners. 

Strain  gage  No.  2,  8,  9,  and  10  were  each  oriented  in  the  width 
direction  of  the  central  bay  of  specimens  A-4-1  and  A-4-2.  Strain  gage  No.  9 
and  Ho.  10  were  back-to-back  at  the  center  of  the  middle  bayj  strain  gage  No.  2 
and  Ho.  8  were  at  the  uprtream  line  of  rivets*  respectively.  Stresses  are  not 
computed  for  specimens  A -4  l  and  A-4-2  because  strain  gage  data  were  not  taken 
with  gages  installed  perpendicular  to  each  other  in  the  two-dimensional  stress 
fields. 

12  MODAL  AND  THERMAL  TESTS  OF  SPECIMENS  A-4-1  AND  A-4-2 

The  strains  that  were  obtained  in  the  thermal  tests  at  ambient  SPL  were 
corrected  for  temperature  Induced  apparent  strains  (Table  8-3)  and  are  given 
in  Table  8-37.  The  •trains  of  the  bam-to-back  strain  gages  No.  9  and  No.  to 
were  then  added  or  subtracted  to  obtain  the  membrane  or  bending  strain, 
respectively  (Table  8-38). 
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PANELS  A -4-1  AMD  A-4-2 


The  thermocouple  locations  are 
defined  In  Figure  B«9.  The 
thermocouples  are  denoted  by  . 

All  strain  gages  wetc  exposed  to 
the  heating  lamps  except  S9 . 

The  strain  gages  are  denoted  by 

V 

S9  and  Sl0  are  back  to  back  at 
the  middle  of  the  central  bay. 

Sa  and  Se  are  at  the  line  of 
rivets.  S4  and  S6  are  parallel 
to  the  stiffeners. 


PANELS  A- 3- l  AND  A-5-2 


The  strain  gage  and  thermo¬ 
couple  locations  of  panel 
A- 3-1  are  shown  in  the  schematic 
at  Lee  left.  Strain  gaga 
No.  2  was  the  only  strain 
gage  not  exposed  to  the 
heating  lamps.  Strain  gages 
Numbers  t  and  2  are  back  to 
baek  at  the  panel  center  for 
both  panels  A-5-1  and  A-5-2, 

For  panel  A- 5-2,  the  thermo¬ 
couple  locations  are  shown  In 
the  3-bay  panel  schematic  drawing 
of  panels  A-4-l  and  A-4-2  at  the 
top  of  this  page. 


FIGURE  S-ll.  LOCATION  OF  STRAIN  CAGES  AND  THERMOCOUPLES  OF  PANELS 
A.4«l|  4*4*2 .  A- 5- 1  AND  A- 5-2 
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An  examination  of  the  data  in  Table  B-37  discloses  the  following  items. 

Due  to  thermal  buckling,  the  central  bay  of  specimen  A-4-1  bent  towards  the 
heating  lamps  whereas  the  central  bay  of  specimen  A-4-2  bent  away  from  the 
heating  lamps.  The  fact  that  the  membrane  stress  peaked  out  in  the  300F  to 
400F  range  indicates  that  the  specimens  were  slipping  in  the  edge  fixture  as 
the  temperature  was  increased  above  300F  until  the  maximum  temperature  was 
reached. 

Following  the  thermal  runs  at  ambient  SPL  and  prior  to  the  thermal- 
acoustic  runs,  natural  frequencies  and  accelerometer  and  strain  data  were 
obtained  at  room  temperature  at  the  center  of  the  three  bays  under  discrete 
frequency,  loudspeaker  excitation.  Based  on  the  accelerometer  and  strain 
data,  the  phase  relations  of  the  three  bays  were  predicted  and  are  given  in 
Table  B-39.  The  natural  frequencies  of  the  lowest  four  modes  that  were  detected 
for  the  two  panels  were  in  relatively  close  agreement.  The  predominant  response 
of  mode  number  1  was  in  the  central  bay;  the  predominant  response  of  mode 
number  2  was  in  the  outer  bays. 


The  temperature  data  obtained  in  the  thermal  tests  at  ambient  SPL  are  a 
part  of  Table  B-40  (for  specimen  A-4-l)  and  Table  B-41  (for  specimen  A-4-2). 

B. 13  DYNAMIC  TESTS  OF  SPECIMENS  A-4-1  AND  A-4-2 

The  temperature  data  obtained  in  the  thermal -acoustic  tests  are  a  part  of 
Tables  B-40  and  B-41.  Tie  rms  dynamic  strains  are  In  Table  B-42  and  the  average 
strains  av.  each  strain  gage  during  the  dynamic  runs  are  In  Table  B-43. 

Oil  canning  was  not  observed  at  the  scheduled  inspections  of  strain  signals 
at  ambient  temperature,  200F,  4Q0F,  and  &00F  during  the  139  db  and  160  db  runs 
of  specimen  A-a-l.  Oil  canning  of  specimen  A-4-2  was  observed  in  the  strain 
s' gnat  at  108F  during  the  139  db  run,  but  the  oil  canning  ceased  when  the 
temperature  was  increased  past  110F  during  the  139  db  run.  In  addition,  oil 
canning  of  specimen  A-4-2  was  observed  at  200F  during  the  160  db  run. 

The  strain  spectral  density  of  strain  gage  No.  9  of  specimen  A-4-2  Is  shown 
In  Figure  8-12  for  the  therraal-seoustlc  combinations  of  139  db  and  160  db  SPL 
aud  ambient  temperature  and  200F.  The  spectral  density  of  the  acoustic  pressure 
was  much  the  same  as  shown  in  Figure  10. 

B  tHSNS.,  A  -  $  - 1  AND.,A:^_2 

Specimen  A-5-l  was  instrumented  with  four  strain  gages  and  four  thermo- 
couples  and  specimen  A-5-2  was  instrumented  with  two  strain  gages  and  seven 
thermocouples.  This  instrumentation  (Figure  survived  the  tests  with 

combined  temperatures  and  SPL1  a  up  to  1000F  and  160  db  rtapactiveiy. 

The  accuracy  in  the  strain  readings  of  tha  Rene'  panels  A-S-l  and  a-5-2 
Is  significantly  less  than  the  accuracy  in  the  strain  readings  of  the  aluminum 
alloy  and  titanium  alloy  panels.  The  corrections  for  temperature  induced 
apparent  strain  at  the  high  elevated  temperatures  was  of  the  same  order  as  the 
strain  readings.  There  was  a  considerable  reduction  in  the  precision  and 
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strain  Ca^<-  No. 

H/  An;i!vvii  Bandwidth 


FTCtfRE  8-12.  STRAIN  SPECTRAL  DENSITY  OF  PANEL  \-h- 


accuracy  of  the  strains  because  they  were  computed  as  the  difference  of 
targe  mmbers. 

B.  15  N'ODAi,  AND  THERMAL  TESTS  OF  SPECIMENS  A-5-1  AND  A-5-2 

The  strains  that  were  obtained  in  the  thermal  tests  at  ambient  SPL  were 
corrected  for  temperature  Induced  apparent  strains  and  are  given  in  Taule  B-44. 
The  s:rains  of  the  back-to-back  gages  No.  I  and  No.  2  were  then  added  or  sub¬ 
tracted  to  obtain  the  membrane  or  bending  strain,  respectively  (Table  B-45) . 

The  behavior  of  the  strains  above  approximately  600F  indicates  that  the 
slipping  of  the  panels  in  the  frictional  clamps  of  the  test  fixture  may  have 
occurred.  Prior  to  the  thermal  tests  at  ambient  SPL,  natural  frequencies  and 
pnaf.e  relations  were  obtained  under  loudspeaker  excitation  and  are  giver,  in 
Table  B-46. 

The  temperature  data  for  specimens  A-5-l  and  A-5-2  at  ambient  SPL  are 
in  Tables  B-47  and  B-48,  respectively. 

B .lb  DYNAMIC  TESTS  OF  SPECIMENS  A-5-1  AND  A-5-2 

The  temperature  data  for  specimens  A-5-l  and  A-5-2  during  the  dynamic 
tests  are  in  Tables  B-47  and  B-48.  The  rms  dynamic  strains  are  in  Table  B-4^ 
and  the  average  strains  at  each  strain  gage  during  the  dynamic  runs  are  in 
Table  8-50. 

Oil  canning  was  not  observed  at  the  scheduled  Inspections  of  strain 
signals  at  ambient  temperature,  500F ,  6QQF,  and  1000F  during  the  dynamic  runs. 
However,  It  is  quite  likely  that  oil  canning  occurred  as  the  temperature  was 
increased  from  ambient  temperature  to  300F. 

Oil  canning  was  observed  during  the  cooldown  of  panels  A. 5-1  and  A-5-2  from 
the  most  severe  test  condition,  l.e.*  the  160  db  SPL  test  at  10OOF.  On  the 
cooldown  of  panel  A-5-l,  at  150  db  SPL  and  9!F  oil  canning  began.  The  sound 
pressure  level  was  immediately  dropped  to  prevent  strain  gage  failures  on 
panel  A-S-l, 

Oil  canning  began  to  occur  at  160  db  SPL  and  170F  during  the  cooldown  of 
pc.;:**  A-5-2.  The  oil  canning  became  increasingly  more  apparent  as  the  tempera¬ 
ture  dropped  to  125F  at  which  time  the  SPL  was  dropped  to  prevent  strain  gage 
failures, 

Tire  strain  spectral  density  of  strain  gage  Ho.  1  of  specimen  a-5-1  is 
shown  In  Figure  B-13  for  the  thermal -acoustic  combinations  of  139  db  and 
160  db  SPL  at  ambient  temperature.  The  spectral  density  of  the  acoustic 
pressure  was  much  the  same  as  shown  in  Figure  10. 
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Strain  Gage  No.  2 
Room  temperature 
3.2  Hz  Analyzer  Bandwidth 
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TABLE  B-2.  TEMPERATURE  INDUCED  APPARENT  STRAIN:: 
IN  TESTS  OF  2024-T31  SPECIMENS 


Temperature 

F 

Apparent  Strain^ 
(micro -inch/ inch) 

73 

0 

100 

10 

150 

25 

200 

30 

250 

15 

300 

0 

—  -$ 

(1) 


Data  supplied  by  Micro-Measurements  for 
Type  WX  strain  gages. 


TABLE  B-3.  TEMPERATURE  INDUCE!  AFPARENT 

STRAINS  IN  TESTS  OF  T1-6AI-4V  SPECIMENS 


Temperature 

1 

Strain 

F 

(nicro-inch/inch) 

75 

o 

100 

40 

150 

80  j 

200 

90  j 

250 

SO  * 

» 

300 

60  ! 

350 

20  | 

^00 

-40 

750 

-120  | 

500 

-240  ! 

550 

600 

-516<l)  I 

\  ...  j 


This  strain  was  obtained  by  the  contractor; 
all  other  strains  in  this  table  were  given 
by  the  manufacturer  (Micro -Measurements)  and 
confiraed  with  coupon  tests  by  the  contractor* 
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TABLE  b-4  STRAIN  RECORDS  Of  SPECIMEN  A- 1-1  AT  AMBIENT  SPL 


Nominal 

Temperature 

Strain^ 

e, 

e» 

e3 

e 

* 

*3 

€ 

4 

<F  ) 

( u*n 

<  u"/") 

{ V"/n ) 

(  //*7H) 

(  u' 7") 

78 

-12 

0 

-20 

-14 

-61 

48 

too 

60 

-167 

66 

-24 

-212 

174 

l  so 

>80 

-492 

424 

-2bl 

526 

o 

O 

i _ 

582 

-696 

650 

-991 

-862 

751 

>so 

B 

-861 

818 

-666 

-1062 

900 

>00 

88  > 

-1001 

916 

-S4S 

-1267 

1010 

200 

s>6 

-616 

Wm 

-151 

-  ?90 

656 

(0  The  strain*  a j c  not  corrected  for  temperature  Induced  apparent  strain* 
Those  corrections  can  be  made  using  che  <*ata  in  Table  A-2, 


•-31 


TABLE b- *  DYNAMIC  RMS  STRAIN  RECORDS  OK  SFECIMEN  A-l-I 


SFL 

Nominal 

Temperature 

Strains 

e, 

e> 

e 

5 

€ 

6 

*» 

_ : 

DDI 

(db  ) 

(F) 

(M"/") 

(  P  "/*) 

(M"/") 

l  IS 

8  \ 

82 

_ _ _ 

84 

82 

69 

77 

■s 

1  19 

IOO 

a 

77 

77 

72 

58 

64 

1  19 

200 

a 

84 

B 

o9 

64 

B 

H9 

IOO 

62 

S.7 

77 

72 

6; 

IbO 

?9 

46 0 

- - 

480 

>20 

>30 

410 

* 

uo 

IOO 

a 

ID 

m 

>20 

Mo 

t.  .  - . 

- 

160 

200 

%*> 

>20 

640 

?2J 

* 

HO 

m 

- 

* 

640 

m 

. . . 

t 

• 

TABLE  B-6  AVERAGE  STRAINS  IN  THERMAL- ACOUSTIC  TESTS 
OF  SPECIMEN  A-I-I 


SPL 

Nominal 

Temp. 

Strain^ 

e 

_ 

e  2 

e 

5 

e 

6 

_ 

e3 

e4 

(db) 

(F) 

UJJjj 

( M"/"  ) 

m2 

(MV") 

( M"/") 

139 

Ambient 

0 

0 

-102 

0 

26 

-51 

139 

100 

-36 

16 

-112 

0 

41 

-61 

139 

2C0 

-56 

-132 

-102 

-81 

— 

•107 

139 

300 

-51 

-205 

-102 

-102 

0 

-179 

160 

Ambient 

0 

0 

-128 

■I 

0 

■1 

160 

100 

-10 

-10 

-138 

-10 

-10 

S 

160 

200 

-30 

-30 

-158 

-30 

- 

B 

160 

300 

H9 

- 

n 

- 

- 

- 

Thest  strains  are  not  corrected  for  temperature  induced  apparent  strain 


TABLE  B-7  TEMPERATURES  OF  SPECIMEN  A- 1-1 


SPL 

Nominal 

Temperature 

.  .  „  Temne.rati 

Ti 

T  i 

T< 

Ts 

Ta 

(db) 

(F) 

(  F) 

(F) 

(F) 

(F) 

(F> 

Ambient 

Ambient 

78 

78 

78 

78 

78 

Ambient 

100 

92 

92 

98 

97 

100 

Ambient 

150 

132 

130 

148 

144 

152 

Ambient 

200 

164  . 

162 

warn 

184 

201 

Ambient 

250 

202 

202 

237 

230 

253 

Ambient 

300 

240 

240 

280 

273 

300 

Ambient 

200 

186 

184 

194 

188 

300 

139 

. 

jj.au  t 

83 

83 

83 

83 

83 

139 

100 

94 

94 

97 

97 

100 

139 

1 

o 

O 

162 

163 

186 

178 

200 

139 

300 

246 

i64 

Mutm 

276 

300 

160 

Ambient 

79 

79 

79 

79 

79 

160 

100 

93 

95 

99 

100 

100 

160 

200 

143. 

15* 

- 

- 

200 

160 

300 

212 

262 

• 

• 

298 

(1)  Nate  that  the  specimen  center  line  is  horizontal  and  parallel  to  the 

acoustic  flow.  T,  and  T4  are  downstream  of  the  center  of  the  specimen 
whereas  T?  and  Tj  are  upstream  of  the  center  of  the  specimen.  T*  Is 
at  the  ptmel  center. 


4 


TABLE  B-9  DAMPING  FACTORS  AND  NATURAL  FREQUENCIES  OF  SPECIMENS 
A-l-1,  A-2-1,  AND  A-3-1  ’**’ 


■  '  '■  — . . 

Specimen 

. 

Reference 

Temperature 

Na tural 
Frequency 

Non-Dimensional 
Viscous  Damping 
Factor 

Fundamental 

Frequency 

(F  ) 

(Hz) 

(Hz) 

A-l-1 

83 

113® 

- 

Yes 

A- 1-1 

no® 

.025® 

Yes 

A-l-1 

200 

108® 

.033® 

Yes 

A-l-1 

300 

106 ® 

.038® 

Yes 

1 

O-J 

t 

< 

78 

119® 

>—N. 

o 

m 

o 

• 

Yes 

1 

A- 3-1 

79 

108  ® 

- 

Yes 

A-3-1 

79 

25*® 

- 

No 

A-3-1 

79 

337 (,) 

- 

No 

A-3-l 

200 

1C  3® 

.036® 

Yes 

I 


(0  Obtained  under  low  level  loudspeaker  excitation 

(j)  Obtained  under  discrete  frequenc"  acoustic  excita -ion( approximately  150 
db>. 


TABLE B -  10-STRAIN  RECORDS  OF  SPECIMEN  A- 1-2 


AT  AMBIENT  SPL 


— 

Nominal 

Strain  (0 

Temperature 

el 

e  2 

_ , 

e  5 

rs 

HHHBSHI 

■AMU 

HSU 

■RHI 

mm 

wmtm 

74 

-48 

18 

-10 

45 

-14 

45 

80 

-10 

-78 

-62 

55 

26 

-46 

85 

34 

-158 

-114 

86 

82 

-132 

90 

66 

-202 

-146 

no 

116 

-181 

95 

130 

-285 

-211 

165 

190 

-279 

100 

163 

-325 

-246 

195 

226 

-323 

125 

330 

-506 

-412 

346 

404 

-528 

150 

444 

-627 

-534 

455 

525 

-668 

200 

664 

-878 

-794 

664 

754 

-940 

250 

828 

-1080 

-1020 

816 

918 

-1158 

800 

955 

T 

M 

u* 

-1233 

952 

1046 

-1343 

200 

621 

-805 

-822 

686 

680 

-846 

80 

-23 

97 

-56 

163 

0 

137 

(0  These  strains  are  not  corrected  for  temperature  induced  apparent  strains 
Those  corrections  can  be  made  using  the  data  in  Table  A-2» 


t 


SPL 

Nominal 

Temperature 

(db) 

(F) 

Amb 

Amb 

139 

Amfc 

139 

Amb 

139 

100 

139 

100 

139 

200 

139 

200 

139 

300 

139 

300 

Amb 

Amb 

160 

Amb 

160 

Amb 

160 

100 

160 

100 

160 

200 

160 

200 

160 

300 

160 

300 

TABLE  B-ll-STRAIN  DATA  IN  THERMAL  -  ACOUSTIC 


TEST  OP  SPECIMEN  A- 1-2 


Statics. Rms.  and  Average  Dynamic  Strains 


C1 


(H'V") 


(,x«/")  |  (H «/..)  j  ) 


•110  -94 


-128  -180  -102  -26 


74  -104  Static 

58  48  Rms  ^ 

•26  -26  Average^ 

46  28  Rms 


384  -640 

-1024*  1024* 


768 

•1026* 


-410  -358  -26  128  -384  Average 

18  18  18  18  18  Rms 

-1024  -870  384  640  -1024  Average 

20  18  18  18  18  Rms 

-1432  -1306  540  8%  -1484  Average 


-64  Static 

410  Rms 


0  Average 

486  Rms 

-384  Average 

358  Rms 

-768 

768  Average 

128  Rms 

■1280 

+?*  Average 


No test 


The  asterisk  means  an  occasional  shift  to  oscillations  about  the 
noted  mean  live l . 

1)  The  static  strains  were  recorded  Immediately  prior  to  the  conduct  of  the 
139  db  and  160  db  runs* 

2)  The  dynamic  rms  strain 

3)  The  strain  about  which  strain  fluctuations  were  ebserved, 

4)  These  average  atralna  are  not  corrected  for  temperature  induced 
apparent  strain. 


VS****-* 


TABLE  B-12.  TEMPERATURES  OF  SPECIMEN  A-i-2 


(db  ) 


Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 


Nominal 

Temperature 


(  F  ) 


bien 
80 
85 
90 
95 
100 
125 


Ambient 

100 

200 

300 


Temperature 


T3 


(F)  (?)  (F) 


77  ■  81 

84  86 

87  89 
92  97 
97  101 

115  125 


75  75 

97  99 

180  200 
301 


Nominal 

Temperature 


200 

250 

300 

200 

Ambient 


T1 

T 

3 

IH 

(F) 

(F) 

(F) 

inn 

IJb 

180 

201 

176 

225 

253 

218 

266 

301 

258 

195 

194 

191 

81 

81 

81 

Questionable  temperature  data 


Nominal 

Temperature 


(F) 

75 

80 

55 

90 

95 

100 

125 

150 

200 

250 

300 

200 


80 


SMBRANE  AND  BENDING  STRAIN 


OF  SPECIMEN  A- 1-2 


Strains 


2 


33 

18 

28 

15 

-  34 

-9 

59 

-15 

-96 

-19 

100 

-30 

-134 

-23 

128 

-38 

-208 

-33 

188 

-55 

-244 

-35 

220 

-58 

-418 

-53 

379 

-82 

-536 

-65 

495 

-97 

-771 

-95 

729 

-123 

-954 

-117 

918 

-135 

mo 

-140 

1092 

-149 

-713 

-98 

754 

-117 

60 

54 

no 

68 

TABLE  B- 14  STRAIN  RECORDS  OF  SPECIMEN  A-2-I  AT  AMBIENT  SPL 


Strain 


78 

-10 

-9 

100- 

18 

-84 

150 

-19 

-31 

200 

40 

-206 

250 

87 

-286 

300 

155 

-324 

... 

200 

-19 

45 

-88  8.3 


•126  65 


-164  65 


-188  22 


-220  20 


-20  93 


-35  60 


-59 

-49 

-126 

-10 

-15 

-14 

-61 

56 

-18 

25 

1 

-43 

-64 

84 

'  '  1 

-11 

48 

;  -41 

-142 

125 

-100 

130 

-54 

-170 

134 

-101 

121 

-66 

-211 

121 

-132 

84 

-58 

8 

161 

20 

19 

-22 

10 

142 

15 

-42 

r 


TABLE  B-15  DYNAMIC 


SP.L 

Nominal 

Temperature 

e. 

i 

(db) 

(F) 

r/") 

139 

87 

56 

139 

100 

56 

139 

200 

69 

139 

300 

66 

160 

75 

410 

160 

100 

435 

160 

200 

480 

160 


00 


500 


RMS  STRAIN  RECORDS  OF  SPECIMEN  A- 2- I 


TABLE  B- 16  AVERAGE  STRAINS  IN  THERMAL-ACOUSTIC  TESTS 


Specimen  SPL  Nominal 
Temp. 


Strain 


TABLE  B- 17  TEMP  ERA  Hi  REF-  OF  SPECIMEN  A-2-1 


SPL 

Nominal 

Temperature 

(1) 

Temperature 

m 

□ 

H 

D 

r  Ll 

sa 

■a 

IB 

T 

1 10 

m 

T 

ii 

(db) 

(FI 

(F) 

(F) 

(F) 

(F) 

(F) 

(F) 

(F) 

(F) 

— 

(F) 

<F) 

(F) 

(F) 

Ambient 

Ambient 

78 

78 

78 

78 

78 

78 

78 

78 

78 

78 

78 

78 

Ambient 

100 

100 

100 

100 

100 

95 

93 

100 

100 

101 

94 

97 

94 

Amhient 

150 

150 

144 

150 

150 

142 

135 

146 

144 

150 

140 

141 

136 

Ambient 

200 

203 

191 

200 

200 

189 

176 

200 

193 

202 

186 

188 

176 

Ambient 

250 

254 

235 

250 

250 

234 

215 

250 

238 

251 

231 

231 

214 

Ambient 

300 

302 

286 

295 

295 

285 

250 

299 

281 

301 

272 

271 

250 

‘mbient 

200 

224 

200 

218 

220 

225 

205 

2C3 

196 

200 

224 

206 

201 

Ambient 

100 

101 

99 

101 

102 

104 

103 

99 

99 

_ 

105 

101 

101 

■ 

■ 

■ 

■ 

■ 

B 

■ 

■ 

fl 

B 

B 

B 

13') 

Ambient 

87 

n 

87 

87 

B 

87 

87 

87 

87 

8? 

87 

87 

130 

100 

101 

101 

101 

99 

100 

100 

101 

99 

99 

99 

no 

200 

182 

181 

185 

183 

158 

151 

188 

188 

200 

154 

17J. 

155 

1 39 

100 

285 

275 

284 

287 

250 

235 

284 

283 

300 

24b 

264 

241 

■ 

fl 

■ 

■ 

B 

B 

fl 

■ 

B 

fl 

B 

fl 

160 

Ambient 

78 

78 

78 

?S 

78 

a 

78 

78 

78 

78 

78 

160 

100 

97 

97 

98 

99 

93 

90 

98 

99 

100 

90 

95 

94 

160 

200 

195 

195 

192 

193 

179 

171 

193 

197 

202 

162 

183 

172 

160 

300 

276 

268 

273 

280 

260 

244 

275 

276 

300 

238 

257 

238 

(t)  Trxtipcratures  T,,  T#f  T*,  and  T„  arc  at  the  four  corners  of  the  speelimn.  f  is  down- 
*  treats  at  the  panel  top,  T,#  Is  upstream  at  the  panel  u>p,  T  it  upstreao  at  the  panel 
bottom,  and  T|}  Is  downstream  at  the  panel  bi’toeu 
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TABLE  3-23  TEMPERATURES  OF  SPECIMEN  A-2-2 


NOMINAL 


TEMPERATURE 


SPL 

! 

TEMPERATURE 

1,“’ 

T  (U 

T  (U 

<» 

_ 

T  (P 

(db) 

<F> 

ir>_  _ 

_ 

(F)_  _ 

(F) 

(F) 

Ambient 

Ambient 

70 

70 

70 

! 

70 

70 

Ambient 

100 

80 

89 

95 

94 

102 

Ambient 

150 

120 

122 

139 

134 

150 

Ambient 

200 

153 

160 

187 

180 

200 

Ambient 

250 

200 

200 

237 

225 

252 

Ambient 

300 

245 

243 

285 

273 

301 

Ambient 

200 

195 

184 

208 

205 

200 

Ambient 

90 

92 

90 

90 

92 

90 

139 

Ambient 

74 

74 

74 

74 

74 

139 

100 

84 

87 

92 

92 

100 

139 

200 

142 

145 

171 

170 

200 

139 

300 

212 

216 

258 

257 

300 

160 

Ambient 

80 

80 

80 

SO 

80 

160 

100 

86 

87 

94 

94 

100 

160 

j  200 

150 

146 

178 

170 

QUt^ 

160  ; 

300 

215 

200 

258 

. 

250 

out  '  ^ 

139 

Ambient 

70 

70 

. 

70 

70 

(2) 

out 

139 

too 

86 

36 

92 

92 

out<2) 

139 

200 

140 

140 

170 

169 

out(2> 

139 

300 

208 

• 

258 

257 

outt2) 

U)  Ij  and  T#  are  at  the  middle  of  the  short  ends;  Ts  and  T4  ara  at  the 
long  edges;  and  T#  is  at  the  panel  center.  All  five  of  the  thermo¬ 
couples  are  on  the  surface  not  exposed  to  the  lamps. 

12'  The  thermocouple  T#  came  off  the  panel  during  the  160  db  run.  The 

control  of  the  panel  temperature  was  changed  to  the  average  of  T$  and 
T4  using  the  Ts  vs  T4  vs  T#  relation  established  In  run  number  l 
at  139  db. 


TABLE  B-24  DYNAMIC  RMS  STRAIN  RECORDS(A)  OF  SFECIMEN  A- 


TABLE  B- 24  DYNAMIC  RMS  STRAIN  RECORDS(A)  OF  SPECIMEN  A-2-2  (COMPLETED) 


92 

138 

72 

00 

<r 

<*— V 

/—V 

w>  i 

W 

W 

W 

'-Z 

St 

O 

o 

o 

<4 

Mt 

>0 

/-s 

✓*“N 

/-N 

p— 4 

W 

M— ' 

' — c 

M-/ 

O 

o 

O 

o 

-0 

<1- 

<4 

4- 

04 

00 

<r 

kO 

CO 

1—4 

mD 

<4 

O} 

04 

v£> 

CM 

04 

04 

OJ 

04 

04 

04 

04 

04 

CM 

OJ 

04 

04 

00 

04 

o 

MO 

^4 

04 

04 

04 

04 

MO 

o 

MO 

O' 

MO 

co 

04 

04 

04 

sO 

o 

O' 

04 

*-< 

M3 

CO 

s 

CO 

o 

co 

00 

O' 

CO 

CO 

O  M3  cO  00 

PI  00  O' 

Mt  <t  <4 


00  -VI  <J 

>4  m  mo 


M3  CM  <4  CM 

n  oo  n  O' 


O  *  mo  oo 

cn  O  oo  cm 

CM  r*)  <4  — i 


CM  CM  <4  CM 

mo  r-~  cn  oo 


CM  CM  o  oo 

i/i  o  cn 


CM  CM  vO  CM 

<t  f'-  <r 


o  o  o 

CM  '0 


-4  <f  oo 


-4-  00  O  00 

00  O  -3  CM 

c*l  <4  M3  —i 


<t  M3  M3  -c4 

CO  O'  — <  00 

m  co  r- 


£888 
-I  N  P‘1 


& 

O' 

O' 

n 

CO 

wi 

»-4 

«■* 

8  8  3  8 


O* 

r*. 

MO 

vO 

O' 

O' 

<4 

<4 

M»“S 

^■4 

*■*4 

'w' 

V 

P-4 

—4 

e-4 

*—4 

^4 

<4 

<4 

<4 

/— \ 

/— M 

.P-s 

e4 

e4 

M_ / 

W 

‘w' 

/— 1 

^*4 

p—4 

<4 

st 

<4 

<4 

Cx 

»— 4 

M3 

00 

O' 

m 

cO 

cn 

vO 

CO 

04 

CM 

CM 

04 

cO 

0*1 

CO 

CO 

CM 

CM 

CM 

CM 

o 

o 

o 

o 

CM 

CM 

CM 

04 

u 

■u 

4-1 

4J 

3 

3 

3 

3 

0 

0 

O 

0 

•4- 

H 

MO 

H 

o 

<4 

CM 

«-4 

—4 

O 

O' 

O 

o 

O 

Cs. 

CM 

CM 

CM 

Mt 

o 

Q 

O 

Cv 

o 

-4 

S 

o 

co 

O'  O'  O'  O' 
c-,  cn  cn  pi 


CM  CM  CM  CM 


•*W6*,V' 


1)  The  reading  is  in  the  noise  floor  of  the  recording  and  playback  instrumentation 

2)  On  the  threshold  of  oil  canning 

3)  Oil  canning 

A)  All  strain  gages  with  odd  numbers  are  on  the  surface  that  is  not  exposed  to  the  heating  lamps 
and  all  strain  gages  with  even  numbers  are  on  the  surface  that  is  exposed  to  the  heating  lac. 


(Continued  on  next  page) 


Oil  canning. 

All  strain  gages  with  odd  numbers  are  on  the  surface  that  is  not  exposed  to  the  heating  lamps 
and  all  strain  gages  with  even  numbers  are  on  the  surface  that  is  exposed  to  the  heating  lamps 
Thes«*  average  strains  were  not  corrected  for  temperature  induced  apparent  strain. 


.»)  These  strains  have  been  corrected  for  temperature  induced  apparent 


TABLE  B-28  TEMPERATURE  OF  SPECIMEN  A-3-1 


Nominal 

Temperature 


Temperature 


Ambient 


Ambient 


Ambient 


Ambient 


T,o  Tn  Tn 


(F)  (F)  f  )  f  )  If)  1(F)  1(F)  1(F)  1(F)  1(F)  1(F)  (F)  1(F) 


Ambient  Ambient  73  73  73  73  73  73  73  73  73  73  73  73 


Ambient  100 


99  96  91  96  94  90  100  90  90  90  90  100 


Ambient  150  146  140  125  139  134  121  150  122  120  122  123  150 


Ambient  200  192  181  156  179  172  150  200  159  150  159  159  200 


239  224  190  220  210  182  25b  .  192  182  I  194  194  250 


288  270  225  265  252  216  300  234  218  238  238  300 


202  195  226  189  184  168  200  191  180  194  188  201 


105  107  108  105  105  105  101  120  119  122  120  101 


139 

Ambient 

79 

79 

;  79 

79 

79 

79 

79 

79 

79 

79 

79 

,  ,  ...  .. 

139 

100 

96 

94 

90 

97 

97 

92 

100 

90 

90 

90 

90 

139 

200 

176 

168 

142 

185 

178 

152 

200 

144 

143 

146 

149 

139 

300 

264 

248 

202 

278 

264 

216 

300 

210 

208 

214 

217 

160 

Ambient 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

160 

100 

99 

98 

93 

99 

96 

93 

100 

93 

92 

92 

93 

100 

160 

200 

179 

170 

140 

190 

180 

150 

200 

150 

153 

148 

162 

200 

160 

300 

254 

241 

192 

266 

254 

206 

300 

202 

208 

200 

218 

300 

(l)  Note  that  temperature*  T,  through  T„  are  measured  along  the  panel  center  lines.  T» 
Is  upstream,  Tv  is  downstream,  is  at  the  top  of  the  panel  end  T„  is  at  the  bottom 

of  the  panel.  T,  Is  on  the  upstream  stiffener  and  T4  is  on  the  downstream  stiffener. 


TABLE  B- 29  DYNAMIC  RMS 


« 


TRAIN  RECORDS  OF  SPECIMEN  A-3-I 


Strains 


e4 

e5 

e4 

A 

e7 

r^1 

HI 

jg 

[M"/") 

M"/") 

m 

72 

82 

87 

69 

46 

34 

— 

23 

— 

87 

108 

123 

123 

148 

46 

34 

28 

164 

30 

33 

43 

4) 

36 

30 

26 

31 

30 

31 

41 

36 

36 

30 

23 

28 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

280 

360 

380 

r 

335 

320 

180 

123 

350 

345 

410 

B 

360 

345 

192 

144 

410 

505 

590 

B 

515 

487 

B 

169 

640 

610 

B 

B 

565 

540 

■ 

195 

760 

B-57 


mammas* 


***** 


t  .^'*i  ■  ■>*  “■* 


~Mcm. 


m&M 


te^upcfflturc  induced  Apparent  strain  are  based  upon  the  nominal  temperature 
the  actual  temperature  of  the  gage* 


.  table  t-32  tempebatcres  ve  spec  lken 


5  AVERAGE  STEALS  RJjCGRDS  OF  SPEC ’ MEN 


tl)  A  phase  harmonic  existed 


TABLE  B-37.  STRAIN  DATA  OF  SPECIMENS  A-4-1  AND  A-4-2  AT  AMBIENT  SPL 


Nominal 

Temperature 


f . . 

e8 

e9 

eio 

(n"/") 

(h-"/") 

-46 

20 

-64 

-178 

-372 

162 

-353 

-896 

602 

-425 

-1126 

768 

-451 

-1261 

864 

-444 

-1168 

1077 

-368 

-1139 

1086 

-327 

-575 

178 

-45 

9 

-69 

-78 

13 

-82 

-80 

-64 

-63 

14 

222 

-336 

129 

521 

-690 

178 

705 

-911 

182 

850 

-1048 

200 

987 

i  -1058 

298 

1'39 

-969 

-54 

210 

-508 

22 

-78 

-4 

8 

95 

-224 

(1)  Tho  strains  are  corrected  for  temperature  Induced  apparent  strain. 
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TABLE  B-38  MEMBRANE  AND  BENDING  STRAIN  OF  PANELS 
A-4-I  AND  A-4-2  AT  AMBIENT  SPL. 


TABLE  B-39  NATURAL  MODES  OF  PANELS  A- 4-1  AND  A- 4- 2 


(1)  The  phase  relation  was  predicted  by  observing  data  from 
accelerometers  at  the  center  of  the  outer  two  bays  and 
from  a  strain  gage  at  the  center  of  the  middle  bay.  Bay  1 
is  the  center  bay. 

(2)  Phase  harmonic 
* 

(3)  Very  low  amplitude 

(4)  Not  available 

(5)  No  damping  factors  were  obtained  in  the  test  of  panel  A, -4-1.  A 
viscous  damping  factor  of  0.012  was  obtained  in  the  test  of  panel  A-4-2 
under  loudspeaker  excitation  at  128  Hz. 


TABLE  B-40  TEMPERATURES  OF  SPECIMEN  A- 4-1 


SPL 


Temperature 


Target 

h 

El 

El 

11 

~ T 
l7 

rT~~ 

no 

■a 

0b  ) 

(F  ) 

(  F  ) 

(F) 

(F) 

<F) 

(F  ) 

(F  ) 

(  F  ) 

Ambient 

Ambient 

70 

70 

70 

70 

70 

70 

70 

Ambient 

100 

98 

78 

86 

76 

100 

80 

Anbient 

200 

190 

90 

160 

90 

200 

136 

Ambient 

300 

276 

no 

240 

108 

296 

205 

190 

Ambient 

400 

370 

135 

330 

132 

395 

282 

242 

Ambient 

500 

465 

170 

420 

170 

496 

370 

310 

Ambient 

600 

570 

215 

520 

212 

596 

465 

400 

Ambient 

400 

410 

200 

375 

196 

400 

340 

285 

Ambient 

200 

210 

145 

195 

142 

200 

205 

185 

Ambient 

Ambient 

95 

95 

95 

95 

95 

95 

95 

139 

Ambient 

80 

80 

80 

80 

80 

80 

80 

139 

20) 

170 

95 

180 

95 

196 

145 

142 

139 

400 

345 

140 

372 

145 

400 

285 

150 

139 

600 

520 

200 

560 

. . . 

210 

595 

— 

450 

- - 

390 

160 

Ambient 

1 

80 

' 

80 

80 

a 

160 

200 

1 

92 

180 

92 

E9 

160 

400 

1 

130 

365 

135 

400 

250 

160 

1 

600 

■3 

205 

578 

215 

600 

448 

400 

Notes 


On  Cooldown 
On  Cooldown 
On  Cooldown 


TABLE  B-41.  TEMPERATURES  OF  SPECIMEN  A-4-2 


SPL 

Temperature 

Target 

■a 

! 

T 

l3 

& 

T6 

El 

T 

10 

T 

11 

(db) 

(*5 

(?) 

(?) 

m 

■US 

Mil 

Ambient 

Ambient 

81 

81 

81 

81 

81 

Ambient 

100 

100 

85 

85 

102 

95 

95 

Ambient 

200 

195 

105 

102 

200 

140 

137 

Ambient 

300 

285 

122 

300 

210 

190 

Ambient 

400 

380 

153 

345 

150 

400 

290 

250 

Ambient 

500 

475 

190 

430 

185 

50) 

380 

325 

Ambient 

600 

575 

235 

530 

230 

600 

470 

420 

Ambient 

400 

395 

ioo 

335 

185 

400 

330 

280 

Ambient 

200 

200 

150 

145 

200 

195 

175 

Ambient 

Ambient 

90 

90 

90 

90 

90 

90 

134 

Ambient 

83 

85 

85 

85 

i  85 

85 

134 

200 

O 

165 

97 

200 

140 

135 

134 

400 

330 

,  1 

n 

350 

143 

400 

280 

134 

600 

510 

1 

m 

535 

220 

600 

440 

_ : 

n 

160 

Am’  lent 

79 

79 

79 

79 

79 

79 

i  60 

200 

14C 

M 

135 

jam 

129 

129 

I6u 

400 

fl 

325 

H 

255 

248 

t  60 

600 

n 

505 

600 

400 

370 
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TABLE  h-44 


DYNAMIC  8HS  STRAIN  RECORDS  OF  PANELS  A--':-’  AND  A-4-2 


Panel 

SPL 

Nominal 

Strain 

, 

Temperature 

~2 

mm 

e6 

e8 

mm 

eio 

i 

(db) 

(F 

) 

(4"/") 

(4"/") 

HQBH 

!  A-4-i 

1 

119 

Ambient 

(l) 

38 

18 

18 

46 

138 

138 

A-4-L 

139 

200 

(l) 

20 

18 

18 

28 

26 

26 

A-4-1 

1  39 

400 

U) 

20 

18 

18 

23 

18 

20 

A-4-  l 

139 

600 

(1> 

20 

18 

18 

20 

18 

18 

!  A-4-1 

1 60 

Ambient 

{ 1 ) 

184 

33 

43 

out 

230 

294 

l 

A-4-1 

1 60 

200 

(l) 

out 

39 

51 

out 

out 

out 

A-4-l 

160 

400 

1 1 ) 

out 

39 

56 

out 

out 

out 

A-4-1 

160 

t 

600 

u> 

out 

51 

103 

out 

out 

out 

A-4-2 

1  3v 

Ambient 

ll) 

66 

74 

141 

133 

A-4-2 

1  w 

200 

l  l  ) 

20 

36 

20 

20 

A-4-2 

1  W 

400 

U) 

23 

26 

23 

23 

A-4-2 

U9 

600 

U) 

18 

26 

23 

20 

A- **-  2 

160 

Ambient 

ll) 

243 

243 

282 

out 

A-u-2 

t  40 

200 

12) 

308 

3» 

410 

out 

A- *•  *  2 

lhi> 

41)0 

1 1  ) 

out 

out 

141 

out 

A-3-2 

lou 

600 

1 1  > 

***■  •*•«■■"  »na; 

out 

out 

179 

out 

—  a 

(1)  Ho  oil  canning  wa*  delected  to  the  strain  signal 

(2)  Oil  canning  W33  4etecte8  in  the  strain  signal 


8*t>$ 


TABLE  B-43 


AVERAGE  STRAINS  OF  PANELS  A- 4- I  AND  A-4-2 


Panel 

SPL 

Nominal 

Strain  ( l) 2 

- - - 

Temperature 

e2 

mm 

m 

e8 

e9 

*  e 

10 

I  !  (db) 

(F) 

mini] 

(  M."/") 

1 

A- 4-1 

13V 

Ambient 

-8 

-8 

-160 

-59 

-8 

-59 

A-4-l 

1 34 

200 

-212 

-212 

-342 

-342 

-805 

474 

A- 4-1 

139 

400 

-152 

-382 

-634 

-404 

-985 

680 

A-4-1 

139 

600 

40 

-216 

-631 

-246 

-828 

1014 

A-4-t 

160 

Ambient 

-8 

-59 

-162 

-8 

out 

-136 

1  A-4-i 

160 

200 

out 

-313 

-291 

out 

out 

out 

A-4-l 

160 

400 

out 

-330 

-514 

out 

out 

out 

A-4-1 

160 

600 

out 

-892 

-570 

out 

out 

out 

j 

A-4-2 

139 

Ambient 

-16 

-16 

35 

A-4-2 

139 

200 

-441 

-441 

-1115 

805 

, 

A-4-2 

139 

400 

-548 

-788 

-1496 

1065 

1 

A-4-2 

139 

600 

-3?2 

-956 

-1524 

1411 

1 

•i 

A-4-2 

160 

Ambient 

-6 

-8 

out 

» 

r 

A-4-2 

16Q 

200  U> 

.456 

56 

-324 

IRS 

-854 

704 

out 

i 

A-4-2 

160 

400 

out 

out 

-129U 

out 

l 

A-4-2 

160 

600 

oat 

.. . 

out 

-1274 

out 

j 

(1)  The  strains  have  been  corrected  to  account  for  temperature 
induced  apparent  strain. 

(2)  Oil  canning  was  detected  in  the  strain  signal. 


A- 5-1  ANTI  A-5-2  AT  AMBIENT  SPL 


(1) 

Strain 

_ e. _ j 

e. 

ej 

e* 

iK warn 

<H»/n) 

(/*/”) 

jjjjrpp 

30 

114 

67 

52 

155 

465 

375 

420 

-390 

1270 

710 

850 

-850 

1170 

590 

1000 

-1020 

1600 

650 

1100 

-1000 

1750 

550 

1300 

-1150 

1950 

800 

1700 

-1350 

1900 

1050 

1450 

-650 

2700 

1700 

2200 

-600 

2500 

1800 

2400 

-1000 

1600 

520 

1420 

-49 

-27 

-285 

245 

-780 

610 

attire  Induced  Apparent  strain. 
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TABLE  6-45.  MEMBRANE  AND  BENDING  STRAIN  OF  PANELS  A- 5- I  AND  A- 5- 2  AT  AMBIENT  SPI, 


Target 

Nominal 

Temperature 

Panel  A- 5-1 

Stiain 

Panel  A- 5- 2 

Strain 

e}  +  e, 

ej  -  e, 

eit  e, 

■PHMHj 

2 

2 

2 

(F) 

(A4"/”) 

_  .{*"*/") 

<P7“) 

(A4"/") 

i.mb4ent 

* 

72 

42 

-38 

11 

100 

320 

165 

-20 

265 

200 

440 

830 

-85 

695 

o 

o 

160 

1010 

-200 

1050 

400 

290 

1310 

-75 

1225 

500 

375 

1375 

-475 

1475 

600 

400 

1550 

-800 

2100 

700 

275 

1625 

-500 

1750  '  i 

800 

1025 

1675 

-50 

700 

900 

950 

1550 

-650 

2250 

1000 

300 

1300 

-900 

1800 

■ 

$»■ 
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TABLE  B-46.  NATURAL  MODES  OF  PANElS  A- 5- 1  AND  A-5-2 


Panel  A- 5-1 

Panel  A-5-2 

Mode 

Number 

r'hase  Relation 

— 

_ _ _ - _ 

Phase 

Relation 1 

Frequency 

/Jv 

Damping' ; 
Factor 

Bay  l 

[Bay  2 

Bay  3 

Frequency 

Damping  ® 
Factor 

Bay  2 

Bay  3 

(Hz) 

.1 mmm 

■  ■ 

■ 

l 

138® 

.015 

(») 

m 

D 

155® 

.017 

O) 

+ 

(3) 

2 

181® 

■h 

■ 

209® 

3 

258® 

285® 

4 

296® 

■ 

1 

332® 

inn.,. . . 

(>)  Bay  2  is  the  middle  bay. 

(t)  The  predominant  response  was  in  the  middle  bay. 

(3)  Phase  harmonic. 

W  nodal  line  was  perpendicular  to  the  stiffeners  In  all  three  bays. 

The  nodal  line  was  along  a  center  tine  of  the  panels. 

(J)  Two  nodal  lines  (In  the  middle  bay)  were  perpendicular  to  the  stiffeners., 

There  were  three  half  waves  la  the  central  bay  along  its  length  direction. 

(*)  The  predominant  response  was  In  the  outer  bays  with  a  l-l  mode  In  each  of  those  bays. 

(?)  Damping  factors  were  obtained  under  loudspeaker  excitation. 


6-72 


TABLE  B-49  DYNAMIC  RMS  STRAIN  RECORDS  OF  PANELS  A-5-l  AND  A-5-2 


Panel 

SPL 

— 

Nominal  Temperature 

Rms  Strain^ 

ei 

et 

•r 

e4 

(db) 

- 

If) 

0*"/") 1 

W) 

((*"/"  ) 

A-5-1 

139 

Ambient 

18 

20 

29 

17 

A-5-1 

139 

300 

(2) 

low' ' 

low» 

low(2) 

A- 5-1 

139 

600 

low(2) 

lcv<2) 

low<2) 

low<2> 

A-5-1 

139 

1000 

low(j) 

10W<2> 

low(2) 

low® 

A-5-1 

160 

Ambient 

208 

263 

255 

174 

A-5-1 

160 

300 

76 

53 

- 

95 

A-5-1 

160 

6  CO 

78 

57 

- 

100 

A-5-1 

160 

1000 

78 

57 

• 

83 

a-5-2. 

139 

Ambient 

27 

29 

A-5-2 

139 

300 

low® 

low(,) 

A-5-2 

139 

600 

low® 

low01 

A-5-2 

139 

1000 

low® 

low0’ 

A-5-2 

160 

Ambient 

195 

220 

A-5-2 

160 

300 

74 

85 

A-5-2 

160 

600 

73 

84 

A-5-2 

160 

.  _ 

1000 

70 

87 

0)  No  oil  canning  was  detected  at  any  of  these  strain  readings. 
(2)  These  strain  readings  were  jn  the  noise  floor. 
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TABLE  B-50  AVERAGE  STRAINS  OF  PANELS  A-5-1  AND  A-5-2 


Panel 

SPL 

<db) 

Nominal  Temperatur* 

(F) 

Strains^ 

_  _£J _ 

ej 

Le* _ 

F  eTZT 

msaaam 

museum 

Mssmm 

A-5-1 

139 

Ambient 

-100 

1 1 

-7 

A-5-1 

139 

300 

-300 

850 

A-5-1 

139 

600 

-700 

1900 

2400 

A-5-1 

139 

1000 

-2600 

1750 

650 

800 

A-5-1 

160 

Ambient 

-330 

-455 

-370 

-130 

A-5-l 

160 

300 

-800 

650 

600 

700 

A-5-1 

160 

600 

-600 

1300 

850 

1350 

A-5-l 

loO 

1000 

-2200 

1900 

650 

900 

A-  5-  2 

139 

Ambient 

-272 

-169 

A- 5- 2 

139 

300 

-1150 

370 

A-5-2 

139 

600 

-2100 

900 

A-5-2 

139 

1000 

-3200 

400 

A-5-2 

160 

Ambient 

-147 

-402 

A-5-2 

160 

300 

-1050 

250 

A-5-2 

160 

600 

-1900 

900 

A-5-2 

160 

1000 

-3200 

300 

(»)  Two  strains  are  corrected  for  temperature  induced  apparent  strain 
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APPENDIX  C.  SHAKER  TEST  DATA 


The  fatigue  results  obtained  in  the  room  temperature  and  elevated 
temperature  shaker  test  program  are  in  Table  C-l  of  this  Appendix. 

In  Table  C-l,  when  two  strain  entries  at  the  line  of  rivets  are 
separated  by  a  semicolon,  each  strain  of  the  pair  is  the  average 
strain  that  persisted  after  th  snap- throughs  in  oil.  canning.  It  was 
the  repetition  of  large  strain  and  stress  reversals  during  the  snap- 
throughs  that  was  the  predominant  factor  in  producing  the  fatigue 
damage  in  the  specimens. 

The  snap- throughs  were  detected  by  observing  the  strain  signal  on 
the  oscilloscope  and  also  by  observing  the  test  specimen  respond  to 
the  shaker  excitation. 
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The  results  of  an  analytic  and  experimental  Investigation  to  Identify  and  determine 
the  influence  of  effects  of  structural  heating  on  the  dynamic  response  characteristic 
of  randomly  excited  aerospace  structures  and  on  the  combined  environment-acoustic 
fatigue  properties  of  structural  components  are  presented.  Thermal  and  thcnaal- 
acoustic  tests  were  conducted  on  2024-Tdl,  TI-6AI-4V  and  Rene*  41  nickel-base 
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